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' EXTRACTION, CHâMCÏERIZATION, AîID UTILISATION 
OF G0LDEI\TR0D\ RUBBER 

WORK AT THE SOUTHERN REGIONAL RESEARCH LABOItfiTORY ' 

I--INTRODUCTION 

The assignment of the Southern Regional Research Laborator'y in the 
study of production of natural rubber from goldenrod A/\7as the chemical 
and chemical engineering research and development work on a practical 
process for separating and purifying the rubber from the dried plant 
material, and its preparation in a form suitable for fabrication of 
rubber products» 1/1/hen work was begun in June  1942, goldenrod of high 
yielding selections had been planted on fifty acres and represented a 
potential harvest by September variously estimated at 10*»25 tons of 
dried leaves. The situation as to rubber supplies was in its' most tm*» 
certain and critical phase, and the desperate need contemplated at the 
time for additional natural rubber called for the utmost possible ex«^ 
pansion of goldenrod plantings in the following year* Under these 
circumstances it was evident that there would be little time for'exten-* 
sive preliminary laboratory research, and that design and construction 
of pilot plant equipment should begin almost immediately. Laboratory 
research and small-scale investigations would have to be carried on con* 
currently, and keep pace with the demands of pilot plant development for 
essential operating data» Most important of all, a decisiim had to be 
reached at the earliest possible moment as to the general type of proc- 
ess and its imjor operating steps upon which work v/ould be concentrated. 

The situation during the summer of 1942 placed severe restrictions 
upon the availability of practically every type of material and every 
sort of accessory equipment required for the construction of a pilot 
plant of capacity sufficient to process the anticipated production of 
goldenrod. This inevitably dictated certain limitations of the choice 
of process operations for isolating the rubber, y/hich i/zas further-con«^ 
ditioned by the necessity of developing a process that could have been 
rapidly expanded to industrial scale under the^ same restricted avails 
ability of construction material, suppliés, and facilities. With these 
considerations in mind, three factors combined to favor preponderantly 
the decision to concentrate upon a solvent extraction process.  First, 
tlie only rubber ever isolated from goldenrod in laboratory quantities 
by Edison thirteen years previously had been obtained by a "solvent ex- 
traction method; second, the Southern Regional Research Laboratory had 
an eight cell extraction battery which had been constructed and wa3 in 
operation for extraction of oil from cottonseed and peanut cake; and 
third, numerous similar battery type extraction plants were inexistence 
in the Southeast for•large-scale commercial extraction of naval stores 
from pine wood chips, and, in an extreme emergency; might be available 
for adaptation to a solvent extraction i)rocess for producing rubber from 
goldenrod. Other methods, such as ball,milling and hydroseparation, 
were not eliminated^ from consideration, but' every effort was made to 
perfect the details of the solvent extraction process as speedily as 
possible* 
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Details of Edison's laboratory extraction method as used by Edison 
Botanic Research Corporation for extracting 4-pound and 20-pound 
batches of dry powdered goldenrod leaves were available in a private 
coinmunication to the Department of Agriculture* Essentially the method 
consisted of extracting only with benzol the dry leaves -w^iich were 
ground to pass a 30 mesh screen and very evenly sifted through an 8 mesh 
screen into the extractors. Benzol extracts the rubber, but applied 
directly to the whole leaf material it simultaneously extracts a larger 
amount of non-rubber material, partly "resins,'' and including other leaf 
constituents. Extraction was effected by two successive periods of 
soaking, the second and more dilute miscella being reused for the first 
extraction of a fresh batch of powdered leaves• The extract obtained 
was concentrated to a sirup by distillation, and residual benzol finally 
removed by vacuum evaporation in pans« A hard waxy bottom layer of 
residue from this evaporation could be mechanically separated from the 
top layer of crude rubbery material, but this rav/ product was quite 
impure.  It contained chlorophyll, resin, and other acetone soluble 
substances which were removed only incompletely and with difficulty by 
long soaking with repeated changes, and final refluxing repeatedly with 
acetone. At this stage the product containing residual acetone v^as a 
paste, to which 1%  para aminophenol was added before drying in vacuum at 
95^ C. Further purification required redissolving in benzol and treat- 
ment of the boiling benzol solution with alcoholic caustic soda in an 
amount insufficient to precipitate the rubber. The rubber was precipi- 
tated and the caustic neutralized by pouring the solution into dilute 
aqueous sulfuric acid, and boiling, allowing the benzol to evaporate» 
The purified product was again dried in vacuum at 93^ C, cooled, and 
repeatedly sheeted on rolls and alternately washed with warm distilled 
water until free of acid.  Final drying at 93^ Ce in vacu\Am resulted in 
a workable product» 

Consideration of the large number of steps in this process, and partic- 
ularly the repetition of operations and repeated handling of the material 
made it evident ttet its adaptation to pilot plant scale would be 
practically impossible.  On a large scale, the use of the indicated 
amount of alcoholic caustic would be prohibitively expensive, and 
specially coTïstructed equipment of glass lined or stainless steel re- 
quired for the subsequent dilute sulfuric acid treatment was unobtainable^ 
While solvent extraction seemed basically the best means of isolating 
the rubber, a great deal of simplification of the process would be 
necessary for practical and economical large scale application. The 
large number of laore difficult and repetitive operations were evidently 
involved in the subsequent purification of the extremely crude material 
obtained by the initial, relatively simple benzol extraction. The 
fundamental simplification decided upon was to apply acetone extraction 
first to remove as completely as possible the non-rubber, acetone 
soluble impurities - pigments, resins, tannins, etc.  Once these sub- 
stances were largely removed, it should be possible to obtain a compara- 
tively pure rubber extract with benzol, and this proved to be the case» 
In developing the process on a pilot plant scale, every effort was made 
to achieve the utmost simplicity in the necessary operations as well as 
in the design and functioning of the equipment required. The extreme 



stickiness and softness of raw goldenrod rubber imde it extremely diffi- 
cult if not impossible to handle in intermediate stages of processing, 
and the process finally developed involved handling of rubber entirely 
in solution, which can be done simply and efficiently, up to the final 
step» As will be shown in what follows, a method i-vas devised for pre- 
curing the rubber at this final step and producing a product that could 
be handled in shipment and further processing« 

Most of the rubber produced was extracted from the crop grown in the 
vicinity of Yiajmesboro, Georgia, in 1943, and the greater portion of 
this was from general harvest material processed by the basically simple 
process of preliminary acetone extraction of resins, benzol extraction 
of mbber, partial compounding in solution, and procuring« As the dried 
and ground raw material was not approximately pure leaves, and conse-^ 
quently had a Itwer rubber content due to inclusion of stems and blooms, 
a screening operation was employed to enrich the raw material feed to 
the extractors, and a single repre.oipitation step for purification wag 
added to the process to control the final resin content of thé rubber» 
Following the account in Section II of the minimiam laboratory and in- 
termediate scale experiments essential to development of the details of 
this pilot plant process, the basic process as it was finally operated 
for extraction of the bulk production of usable rubber is described 
fully in Section III of this report* Simultaneously with the develop- 
ment of the extraction process, work was going forward on vulcanization 
and physical testing of the rubber, on development of techniques of 
solution compounding and procuring to produce a product satisfactory 
for milling, and on further processing and finally, fabrication tests, 
accounts of which are given in Sections IV and V« Numerous variations 
of the process were investigated, special lots of raw material were ex- 
tracted, processed, and tested individually, extensive work! was done on 
the effect of drying conditions on quality of the rubber, tests on 
grinding and screening of raw material were made, and microscopic 
studies were employed to guide and control the extraction work« Physi-^ 
cal chemical. X-ray, and spectrosoopic research for characterizing 
goldenrod rubber was in progress throughout the work, as well as analyti- 
cal investigations on the methods for determining rubber and impurities 
in addition to the very great amount of analytical control work on raw 
material and products« Some attention was given to the resinous and 
tarry by-product produced by the preliminary acetone extraction* These 
phases of the project are separately reported in appropriate sections 
from VI to XVIÏ» 
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II-nnrESTIGATÏOIJS ON ECTRaCTION RilTES AWD  EFFIGIEIÎCIBS 
LABORATORY-SCALE AND SINGLE CELL EXTRACTION E}:PEKI]iENTS 

The two-solvent extraction method having been decided upon as the most 
promising for speedy development of a practical process to i^roduce usable 
rubber from goldenrod in quantity, it was necessary to concentrate most 
of the research time and effort on perfection of the details of this 
method, A variety of alternative methods were tried experimentally and 
leads followed as' far as time and available facilities and personnel per- 
mitted.  These included methods not dependent upon dissolving of rubber 
described in another Section of this report, as well as many variations 
of solvent extraction procedures, but the urgency of full pilot plant 
operation at the earliest possible date required that data essential for 
plant operation be obtained first and most completely* 

Preliminary extraction of resinous and tarry impurities with acetone 
follOY/ed by benzol extraction of rubber appeared to provide the simplest 
and most practical means of obtaining the rubber, but the properties and 
behavior of raw material, solutions, and extracted products in various 
stages of processing and handling, as well as the purity of the rubber 
obtainable all presented .questions which required immediate ansv/ers. 
Some of the major steps of the proposed process depended upon unknown 
factors which it vms  necessary to determine before design of pilot plant 
equipment could be undertaken. At the outset a complete extraction  ^< 
system in glass on  a laboratory-scale I'^is assembled as quickly as possi- 
ble, and all of the operations of the two-solvent process were carried 
out on this scale as nearly as possible like the projected pilot plant 
operations, to produce small quantities of rubber; 

The glass laboratory extraction system is shoiAm in Fig. 1*  It was 
built around an available large soxhlet type extractor (Corning Catalog 
No, S885) v/ith a capacity'of 600-700 g, of ground goldenrod leaves, 
which i//as modified by the by-pass shown in the'figure to permit continu-- 
ous flow of solvent through the extraction cell. ' Separate recovery and 
storage systems, were provided for a,cetone and benzol, mth gïass piping 
and cocks to permit introduction of either solvent into thé'boiler.  By" 
using vacuum the concentrated solution in the boiler after' each sta'gd-of 
extraction could be drawn directly from the'boiler into eithe^r the ■- 
benzol  or acetone vacuum evaporators.  ThoseSvere made of standard vacu- 
um distilling pots (Corning Catalog No/ 3480) vdth desiccator type   " ^ 
covers permitting the removal of rubber or resinous material left after 
vacuum distillation of the solvents. 'A packed fractionating column 
section^ not shown in the figure, was later inserted below"the reflux 
condenser to effect a more rapid separation of acetone displaced from 
the material when benzol extraction was begun.  This arrangement wtis 
only partially successful in operation.  The small amounts"of rubber ob- 
tained on this scale were milled and vulcanized, and showed" definitely 
the practicability of producing usable rubber by the tv/o-solvent extrae-* 
tion process* 

The results of the first three laboratory extractions on the same 

over ; 
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variety of leaves pointed out the necessity of having a finely ground 
niaterial for inaximiAm yields of resins and rubber as shown in Table I.  In 
the first experiment a batch of leaves was ground to about 20 mesh in a 
Bauer disc type mill with the following screen analysis:  11^ passed 
through the 40 mesh screen; 17^o was retained on the 40 mesh screen; Z^% 
was retained on the 30 mesh screen; and 46^ was retained on the 20 mesh 
screen. After 24 hours acetone extraction, the resin yield was 13.6^ and 
benzol extraction for the same time gave a rubber yield of 2^9%*    Another 
sample of the same leaves was ground in a Wiley mill -v^ich gave the 
following screen analysis:  100;^ passed through the 30 mesh screen; blfo 
was retained on the 40 mesh screen; and 43^ passed through the 40 mesh 
screen. Acetone extraction for 24 hours in this case gave 15.3/^ resins, 
while the benzol extraction for the same time yielded d.7%  rubber. A 
third sample of the same leaves was ground in the Wiley mill so that lOO^Í 
passed through che 40 mesh screen.  In this experiment the resin value 
after 24 hours acetone extraction was 18^8;^ and the rubber extracted in 
24 hours with benzol was 606%.    Many other extractions with acetone and 
benzol were carried out on ground material to determine yields of resins 
and rubber with respect to fineness of grinding.  (See Table I.)  These 
preliminary extractions show that goldenrod leaves should be ground to 
approximately 30 to 40 mesh for maximum yields of resins and rubber when 
extracted with acetone follov/ed by benzol» 

A metal extractor ^vas constructed with a capacity of approximately 
25 pounds of ground leaves. This extractor was used with the boiling, 
condensing and evaporating setup which was designed for the small glass 
extractor•  It yielded good results with the acetone extract in 48 hours, 
compared with 24 for the small extractor, but the benzol extract was 
slower in comparison as shown in Table I, experiment No» 11 •  In another 
experiment the resins and rubber were extracted by pouring cold acetone 
and benzol successively through the ground leaves in the metal extractor 
at room temperature. Much larger quantities of rubber were obtained from 
the metal extractor for compoxonding, vulcanization, and testing and the 
rubber thus obtained showed promise of development of usable material. 

The glass extraction apparatus was used to test other solvents than 
acetone and benzol for removal of both resins and rubber as shown in 
Table II. Alcohol was used instead of acetone for resin extraction, and 
chloroform, toluene, xylene, petroleum ether, and arormtic petroleum 
fractions with boiling ranges '^lighter than xylene," ^^xylene," and 
"higher mixed aroraatics," were tried instead of benzol.  Toluene is 
somewhat better than benzol as a rubber solvent. Rates of extraction 
were determined on small samples using boiling benzol, toluene, and 
xylene.  In these tests xylene proved better than benzol or toluene» 
About 15^ more material i^s  extracted from the goldenrod by xylene than 
by the other two solvents. Absolute alcohol removed the chlorophyll and 
other pigments more completely than aöetone, in fact, more material vjas 
extracted.  In one extraction chloroform was substituted for benzol to 
remove the rubber. Petroleum ether was also substituted for benzol in 
several extractions.  (See Table II.) The yield  of rubber in the case 
of chloroform extraction was somewhat higher than with benzol v/hile the 
petroleum ether extractions gave yields slightly lov/or, Vulcanizates 
from these extractions compared favorably with those obtained from the 
benzol extracts. 



II-TABLE I f 
PRELIMINARY LABORATORY EXTÍ ACTIONS mTH ACETONE AND   Í3ENZ0L 

SOLVENT BOILING TEI'ÍPER/ITURE RKNCE 0" c. % EXTRACT Fineness  oí" 
Exp. !       Timo - Hrs. i             Resins !             Lubber Crude : Material 
No. !  Acetone Benzol   ■ ,   Boiler     ■ !   Evaporator:   Boiler   ■ .   Ei'^aporator   ; Resins   i .Rubber : % through Me! 3h 

1     ' !        24         ; 24     ! :57.5-61.5; . :75  - 8C   ' ; 13.6     : . 2^9     : 11-40 
2 !       24 !.     24 :       57 !   58.5-61.0 :74,5-7£ ¡     80-83.5 ¡       15.3     : 5.7     : 43-40 
3     . ¡       24 :       24 !          57             ! 58 - 61.5 : 72  -  76   : 81-89        ; 18.8     : 6.6     : 100-40 
4     i !       24 :       24     ' :       57         ! .   57.5-62.5 : 71-74.£   • - 73-89. ¡       19.3     : 6.7     : 100-40 

5 ¡24 24     i !   57 - 58  ! 59 - 64 :71 -  74   ! 74-89 18.5'    : 5.8     : 100-40 

6     . !       24         i !          24       ! !   57 - 58   i 61.5-64 :66 - 8C   ! .     67 - 89       ; 20.0     ; 5.4     : 100-40 

7     ■ !        24 !       26     ■ .   57 - 58   ; 61 -  66 í73.5-7£   • 74-89 20.7     : 5.0     ; 100-40 

8     ■ Î       24 !       26     ■ Î   57,5-58  ' ¡59-81 î71 - 77   < ¡     78-84.5 ¡       21.5     ! 4^       ! 100-40 

9     i !       24 !       26     i :   57 - 58   i ,58-87 î70,5-75.5     72-86 ¡       21.8     i 4^     : 100-40 

10     i 24         i !       24     i !   56— 57  ! ¡59-90 : 73 - 80  ! .     80-84       ! ¡       18.2     : 4..9     ! 100-40 

11*   ¡ 48         .1 57    i !   57 - 58  i ¡56-80 : 79 - 80 ¡     78 - 87 ¡       19.7     ! .   3.^     : 100-40 

12        ! 28 !          24       ! !   56.5-57¿: .■59 - 88 : 73.5-84   : .     81-89 ¡       19.0     ! •  4.6     ! 100-40 

14     • !       26 !           25       ! .   57.1-58  ! ,60-87 î75 - 82   ! ¡     76-89      .! ¡         19.9      ; 4.2     : 100-30 

16       ! !       24 !       26     ' !   57 - 59  ! ,  ÎQ - 74 : 72 - 81 ¡     71-87 ¡       19.2     ! 3.6     : 100-30 

17     i !     - 24 !       24     • i   57 - 59  i ¡58-81 : 76 - 82   • ¡     80 - 89 ¡       20.8     : 4.L    ! :   r     100-30 

18 !       24 !       24 !   57 - 58   i ¡59-77 :77 - 81   ■ ¡82-90       ! ¡       19.2     ■ 3.5     ! 100-30 

19     • :       24 !       24     ' !   57 - 58  ! .60-82 :75 - 81   ! .     79 - 82 ¡       20.5     ! 5.7     ! ;         100-30 

21       ! 24 !       20     i !   57.5-59  i .61-83 î75:- 82   ■ ;     80-86 ¡       20.7     : 3.1     : 100-30 

23     ! ;        24 ¡       24     « ,   57 - 59  ! ,59-86 : 77-81.5   : 82,-88 21.4     ! 4.3     : 100-30 

25     ' 24         i 24     ' !   57 - 58   ! ,60-82 : 77 - 80   , ¡     82 - 83       ! 18.8     ! . 4.3     : 100-30 

26 !       26 !       26     • !   57 - 58   ! .58-84 : 72 - 79 ¡     77-88 ¡       16.8     ! 6,6     : :         100-30 

28     • !       24 !       24     ' !   57 - 59  • ¡66-86 : 78 - 81 ¡80-86 ¡       20.5     ! ■4.9     : 100-30 

29     i 24 !       24     • !   57.5-58  ■ ¡59-83 : 78 - 81 ¡     82-86       ■ ¡       18.7     : 5.1     : ;         100-30 

♦Metal  extractor  used» 
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II-mBLE II 
PRELIMINARY LABORATORY EXTRACTIONS WITH VARIOUS SOLVMTS I 

♦tí 

Exp. 
• No. ' 

:            SOLVENT 
:    ^ Time        Hrs."    • 

BOILING TEÎ'/iPERAî 
Resins 

¡Boiler  :Evaprtor.' 

CURE' kANGE 0Ö c. 
Rubber 

Boiler:   Eivaprtor. 
s               % Extract 
¡     Resins     :   Crude Rubber 

Fineness ol^ 
:      ^terial 
:?í Through Mesh 

.13 
!  AcetoHQ.:   Benzol 
!     -25         :     -43 

»                                •                                 •  • 
¡58.8-61:59.5-79  j 

•                                         < 

.  66-83   :   69-86 ¡     10.5 ¡         17,1 ¡           100 - 30 

,20 
! Acetone jPet.Ethem 
!       24         Î       24     • ■ ¡57-58- ¡60-80       ! 

• 
.   63-68   Í       -           1 .     20.9 :           4.3 ¡            100 - 30 

;22       ! 
t: Acetone  íPetüther, 

.24   '     :      .22     ..< .57r.59.5< ¡60-81       ! 59-68   • »              •.                       « .     20.5         ! ¡            5.1 ¡            100 -  30 

24     ■ 
! Acetone  :Pet.Sttier! 
!       .24     -   s      :27       < ¡57-59     ' .59-83       ! 59-63  1 *                      mm                                  4 19.8         ! ¡            3.9 ¡            100 -  30 

.27     i 
: Alcohol  ' 
.         :42        -    i 

:  Benzol  - 
34     -! 79-81     ! . 79-85       î 71-79  ■ ¡   81-89       : 22.3         1 5.6 ¡            100 - 30 

•30    i 
; Acetone - ! 
!      ;25     '-  ! 

,   Chioro-i 
form ! 
44       i 

:                 ! 
¡57-59     ■ .60-84       ! 65-67 ! ¡   66-67       : 21.9         1 7.8           1 1            100 -  30 

:79      i 

.Acetone-. ; 
¡Skelly E j 
!           24      -       ! 

.Skelly B! 
!       24       ; ¡20-25     ! i .     68 

> 
¡6.2 plus 9.4î 1.74         1 

! 
¡              82-30 

80     , 
! Acetone. ' 
!       None    ! 

.Skelly B- 
(      -24 - ' , !      - !           -         ■    ) ¡  67-68 »               «.                        . .         « ¡            1.76 !              82-30 

81 

,. Acetone-! 
!     Benzol  i 
¡24         i 

!  Benzol  ■ 
Î       24 !      - !         -            1 ¡   80-81 »                 mm                           « .as plus 7.7 ■ ¡           2.6         - ¡              82 - 30 
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Extractions using mixed solvents were carried out on direct fraction- 
al separation in the extraction of goldenrod leaves.  (See Table II.) 
After a short preliminary acetone extraction of the leaves for one hour 
to dry the ground material, a mixture of 50j'o petroleim ether (Skelly- 
solve B) and 50%  of acetone was circulated for 24 hoxors at 519 cc* per 
hour at room temperature.  Final extraction of the rubber was done with 
hot Skellysolve for 24 hours, followed by 15 hours extraction with hot 
benzole Pure acetone extracted 6*2^ of resins, bOf^i  Skellysolve -* 50^ 
acetone extracted 9*4;^ of resins mixed with some rubber; pure Skelly- 
solve extracted 1.74^ of purified rubber, and benzol finally extracted 
0,72?^ of a non-rubber material. The yield was lower than was obtained 
in the pilot plant with acetone-benzol mixtures. The product on drj/ing 
was readily peeled from the pot stilly and was less sticky than the 
usual raw rubber produced by unmixed solvents. A vulcanízate with the 
standard recipe gave 1855 pounds per square inch tensile with 640^ 
elongation. 

In another experiment hot Skellysolve was used for extraction for 
24 hoijirs without any preliminar;/' acetone extraction, and acetone was 
added, slowly to the concentrated Skellysolve solution up to SOj^a concen- 
tration, to precipitate a purified rubber fraction. The yield was 
14 765^ of a product similar to that obtained from mixed solvent extrac- 
tion, which vulcanized with the standard recipe to give 1840 pounds per 
square inch tensile at 7005^^ elongation. A third experiment WLQ  carried 
out using acetone extraction for one hour at room temperature, followed 
by extraction with a mixture of 50;io acetone and bO)i  benzol for 24 hours 
at room temperature. Final extraction of the rubber irns done with hot 
benzol for 24 hours.  Pure acetone extracted 9^5%  of resins, 50^o acetone* 
■êCçS benzol extracted 7^7J^ of resins mixed with some r'ubber* " The prod- 
uct on drying v/as readily peeled from the pot still, and was less 
sticky than -the usual raw rubber produced bjr unmixed .aíolyéntg» A rxxl^ 
canizate with standard recipe gave 1700 pounds per square inôh tensile 
with 840^ elongation. These experiments were not practical on aecount 
of the low yields of rubber, even though a less sticky product was ob«* 
•tained» 

-i". Experiments were carripd out using petroleum fractions from the Pan 
•■'American Refining Corporation* in the extrabtion of rubber from goldenrod 

leaves. The leaves were ground to 30 mesh and the extractions were made 
" in the dark in small soxhlet extractors employing the standard prooe'* 
•dure using .1000 grams of acetone to remove most of the resinous material 
followed by the. rubber extraction.  (See Table III*)  In the-se extrao- 

-' tións 150 grams of the same batch of ground leaves were ^used» An aver- 
_ age of 21»0^ of resins w^s extracted in 48 hours. Acetone recovered'. 

was'^8Ö#94?i at 25^ C. after blowing air through the llaves for five 
minutes. No acetone was collected in the ice trap (2® C), therefore, 
the solvent.loss was.probably.due to that remaining in the leaves. 

^•''. In 32 hours the "Lighter th^níoluól'^ fraction (b.^'#33-92? G.) éx- 
' tracted 5.86;?^ by weight of the^/^ried l^^^^s after vacuum jarring and 
the rubber obtained . appear:ed . to ."be of good quality. Solvent ■ rercovjsmaià* 

over 



II-p* 6 

was 64#3^ by the 25® €• condenser, while B^Z% was collected in an ice 
trap at 2^ C«, thus giving 27.4^ of solvent lost in a single extraction« 
Solvent is easily removed from the leaves but separation from acetone 
imy be difficult because of the similar boiling points.  The "xylene" 
fraction (b^p. 152-142^ C.) extracted 9.65^ by weight of the dried 
leaves in 32'hours.  This extracted material consisted of rubber and 
some of the higher boiling ends of the solvent. Solvent recovered ivas 
83.2^ by the tap water condenser and none reached the ice trap. ' Re- 
maining solvent representing 16.8;^« was lost in the leaves. .The- "Higher 
Mixed Aromatics" petroleum fraction (b.p. 133-205^ C.) extracted 8.27^i 
by weight of the dried leaves in 32 hours, but the extract was a liquid 
consisting of the high ends of the solvent and rubber. Vacuum drying 
of this extract and the xylene extracted rubber was not tried inasmuch 
as no vacuum drying equipment was available above 100^ C. Solvent fe-» 
covered was SZ.2%  by the tap water condenser, leaving 16.8/o of solvent 
not removed from the leaves. From considerations of availabilityj^' 
effectiveness in extraction, and ease of removal from the product, ace«- 
tone and benzol were established as the preferred solvents. 

II-TABLE III 
EXTRACTIONS WITH ACETONE kW  PETROLEUIÍ FRACTIOUS 

Grouôid leaves used     150 gmis«    Acetone extract-48 Hrs. 
Acetone used 1000 gms.  Petroleum    ^*  -32 Hrs. 
 Petrolejom fraction used 500 gms. 

ACETONE EXTRACT PETROLEUÎÎ FRACTION EXTRACT 

Solvent      Î 
Used            : 

o W     • 
tí    . 

taûO 

^          -, 

Gms-.   ; 

tí 
•H 
w 
CD 

tí J 
> O 

rH O 
O CD 
cofrî 

f
   

W
ei

gh
t 

o
f 

f.
   

   
 R

ub
be

r 

u ■^ ^       . 

> o     : 
rH    Ü 
•O   (D       ' 

t3 

tí J    ÍH       î 
©>   EH 
î>o      .: 

f-HO   CO 
O <D O   : 
COtó M 

Condition 
of 

Rubber 

"Lighter    * 
than 

Toluol" 

Í                     ! 

!   31.4   ■ \   20.9   ' •   82.8 :     5.8  ! '   3.86   Î !   64.3 :   8.3 î  Good. 

"Xylenes" !    31.1 t   20^7  ' i   78.9 :  14.5 s   9.65 !  83.2 :     0 

i vlJnsatisfac-i 
î  tory mixed 
s with high 
:   ends  of sol- 
:  vent. 

"Mixed 
Higher 
Aromatics" 

!   32.0 I   21.3 !   81.1 :   12.4 :   8.27 :   83.2 

î 

:     0 

s 

I Unsatisfac-; 
î  tory^ mixed 
; with high    , 
î   ends of äOI- 

:  vent# 

Investigations were carried out to determine the effect of particle 
size on the rate of acetone and benzol extractions. A batch of leaves 
containing a high yield of rubber ivas ground in a Ball and Jewell knife 
type cutter and the various size particles separated on screens. Three 
samples of 50 grams each of the different particle sizes were extracted 
in small soxhlet extractors with both acetone and benzol for 24 hour 
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periods, the rates of extraction being followed, as sho-vm in Table IV, 
The sample with the largest particles (20 — 30 mesh) v;as incompletely ex- 
tracted with both- solvents.  In case of the intermediate particles (40 ^ 
50 mesh) higher yields of resins and rubber were obtained. The finely 
ground material (finer than 100 mesh) gave resin values progressively 
higher with increased extraction time and the rubber was completely re- 
moved in less than 12 hours as shovm in Figures 2 and 3, 

II-TABLE IV 
EFFECT OF PARTICLE SIZE ON MTE OF ACETONE k  BENZOL EXTPvACTIONS 

particle Size Hours % Acetone Extract fo  Benzol Extract 

.  0.5 4.6 mm 

1 !       6.0 3.6 
20 - 30 mesh !   4 !        9.0 : 4.6 

.  12 !       12.2 5..8 

.  24 !      15.4 6.0 
0„5 7.6 •♦ 

!   1 :        9.0 : ■6r.4- 
40 - 50 mesh .  -! !•   4 :  .    13.0 • • 7.4 

.  12 ,  .     15.6 • 8„2 

.  24 18.6 : 8'<,6  ■ 
. 0.5 :       12.4 : 

!   1 :       13.6 7»6 
Finer than 100  ¡ 4 !       16.8 8"c4 

mesh .  12 ! .      18.4 9.6 -■ 
-.• 24 20.2 9 ¿6 

In order to determine the optimum extraction time and the ^effect of 
various mechanical and chemical treatments of goldenrod leaves, the rates 
at which the acetone soluble and the benzene soluble portions were extract- 
ed were carefully determined and plotted«  The rates were determined on 
100 g* sampled'lUU',söjchlet': typ-ç extractor siphoning over'at the rate of 
once every 10 to 12' minutes*' / 

2* 

3. 

The initial stutjj.es were-, made to determine the effect of mechanical 
treatment of the Ipayes and;to determine the amount af grinding, and the 
length of time necessary for most efficient extraction. The test 
.samples were prepared as follows: 

1. Original leaves as received (crushed but not ground)« 
Samplç ground: to pass l/32*^ screen on a Ball and Jewell 
mill./ 
Sample:ground;to pass l/l6" screen on a Ball and Jewell 
mill./. By referring to Table V and Figiares 4 and 5 it 
can be^seen that the extraction-of the unground leaves 
was unsatisfactory while the material which passed 
through the 1/16" screen yielded as much bensol extract 
as that which .passed thq l/32". screen^ vand the rate of 
extraction -vvas nearly aq rapid. From these ;data it can 
be concluded that a relatively coarse grind is all tliat 
is necessary to effectively and economically rèrnox^e the 

over 
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inajor portion of the rubber from goldenrod leaves* 
by hot benzene extraction. Undoubtedljrtho finely.' 
ground material could be more rapidly and completely 
extracted if the solvent flow rate can be maintained' 
at the required minimum. These rates were studied 
in conjxmction with pilot plant extractions where it 
was found that the difficulty of pumping solvent 
through the material increased with decreasing 
particle size* 

Further studies were made on the rates of extraction of chemically 
treated goldenrod leaves produced in experiments to be described in Sec- 
tion VIII* A series of these studies made on a representative sample are 
shown in Table VI and Figures 6 and ?• This series includes: 

1. Original ground leaves - through I/I6" screen* 
2m Original unground leaves. 
3. water cooked leaves, unground. 
4. Z%  H2SO4 cooked leaves, unground♦ 

From previous experiments it had been determined that with chemically 
treated leaves it ^vas unnecessary to grind the leaves in order to obtain 
complete extraction.  It had also been found in experiments which are 
described in Section VIII that extraction rate curves of Z% NaOH treated 
leaves and Z%  NaOH plus d%  H2SO4 treated leaves were similar to the 
Z%  H2SO4 curve shown in Figures 6 and 7. ll/hen caustic cooking/vvas used 
the acetone soluble material was only 4/t to 5%  instead of 12;^ to IZ^fo due 
to the solubility of the resins in 2% NaOH« All of the curves for the 
treated leaves show a verj^ rapid extraction in the first 10 to 20 
minutes and nearly complete extraction in 2 to 3 hours. The untreated 
leaves and the water cooked leaves still show an appreciable amount of 
material extracted between 12 and 24 hours, especially in the case of 
acetone soluble resins. 

II->TABLE V 
RATES OF EXTRACTION OF UNTREATED GOLD©IROD LEAVES 

Sample            ! Tinie(Hrs.)i fo Acetone Extract! %  Benzol Extract 

0.2    ! 3,3 2.1 
As received.  (Crushed   j 0.5 !       5.2          ! 3.3 

but not ground.)      ; 1 :     6.6 3.9 
;  4 !       10,4          ! 4.6 
. 12 !    12.4 !      5.1 

24 !    13.9 !     5.7 
0.2    :     7.6 i     3.0 

Ground to pass l/32" !  0.5 !    10..4 : .   5.8 
screen in Ball and    j 1 !     11.8 :"    6.6 
Jewell grinder.       ; 4 15.0 ' .   , !     7.0 

:  12 !       16.1          ! Ï     7.1 
24 :    17.6 !     7.2 
0.2 Ï     7.7 !     2.4 

Ground to pass I/I6"     ; 0.5 :     9.8  . . :     5.0 
screen in Ball and !    1 !     11,1 !     6.4 
Jewell grinder. !    4 !    13.8 !     6.9 

;  i ■      Ihl !    U 
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II -TABLE VI 
RATES  OF EXTPJICTION OF TREATED GOLDEÎIROD LE/iVES 

Sample                           : Time   (n r s . ).' % Ace tone Ex-i-.ra ot ;/'â Bern cl r]xbract 
Oe2 •7      '7 

0     ;     (-i                                                                     . 2,: 
Î 0,5 5.2                r. 3,3 

Original  leav33.     (Un-- -, 1 6.6 3 „9 
groimcU) 4 10.4                t 4„6 

IE 12 A               ; 5..1 
?A 13.9 5,7. 
lO" 7 ., Y ?.,4: 

Original  leaves c»                í 0:5 9.8            ■    ; .^„O 
(Grouna to  pass           î 1 11.1 6.4 
ï/l6"  screen on Eailj 4 13,8 6.9 
and  Jewell  grinder,)^ 12 i 15.2                : 7.1 

24 16„6                : 7.2 
• '         ■ !    '    0.2' 3,3                : 1.Ö 

5 :         05 5.4 2,4 
Water-cooked  leaves^       : 1 6.5 2,7 

(Unground.) !           4 -,   ! 8.2. 3 = 3 
:        12 8.7                : 3.7 

24 9.1                Î 3.8 
:         Oo2 4.3       •        5 1.. 5 

Water    cooked leaves* :          0.5 6.7                : 3.8 
.   (Ground ,to pasH :          1 t 7.3 6.1 

i/l6"  screen on Ball !          4 8.2                : 6.5 
and  Jews 11  gr inder.) !          12 8.4 6.7 

.. !       24 8.7               : 6c7 
i    '   Ó.2 S 8.0               : 3.-5 

d% H2SO4  cooked  leaves. !         0.5 ! 10.7               :, , 6.5 
.(.Unground») :      . 1   ' 11.3               : 7.1 

'     A»» 
:         4 12.2 7.4 
:       12 12.5 7.5 
:       24 12.7               .: •7.65     • 

Laboratory apparatus was constructed in lA^ich the rates of extraction 
of resins and rubber could be determined at'BocurateXy contrplle4 tempera- 
tures and rates of flaw of solvent over the range from room temperature to 
the. boiling-points at atmospheric, pressjare. Fifty grams of ground leaves 
from the same sample (87J? through 40 mesh screen) were,used to charge thé 
extractor for each extraction^ , The apparatus wa-s' so constructed that a 
cons 1;ant flow of solvent could be maintained by ïïèans of a capillary and 
the temperature was caatrolled with a surrounding jacket .through, which 
heated water flowed. These e^Qperiments showed that hot acetona gave a 
faster, extraction; iri fact, át 50^ C* the acetone soluble material was ' - 
removed from the ¡ground leaves approximately eight times as fast as at 
30 C«  In eight hours at 50^ C# the extraction was practically complete 
as shoivn in Table VII and Figure 8# No effect was observed at 30^ C* or 

o 
50 C» in the rate of acetone extraction v/hen the flov/ was increased 
above tliat used in the pilot plant (100 gallons per hour for 85 pounds of 
leaf ïïaterial), A large sample of leaves ^vas thoroughly extracted with 
acetone and dried prior to the benzol extractions# Onl^r two extractions 

over 
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with benzol were made at 27° C. and 70° C. repsectively at the same rate 
of flow (see Table VIl). Hot benzol gave a faster extraction of rubber 
from the leaves. In six hours at 70° C. the extraction was alraost com- 
plete as shown in Figure 9. The percent of benzol extract is based on 
the weight of original leaves used on a moisture free basis. 

II-TABLE VII 
KATES OF EXTRACTION 

CONTROL OF TEMPERATURE & RATE OF FLOW OF SOLVENT 

PERCENT I-IATERIAL EXTRACTED 
Flow Temp,            Hours Extracted 

Run:Solvent : cc/min.i ° C. :  1  :  2  :  4:6: 7 : 7.5  ! 8 
1 :Acetone : 13 -. 3Ö : ' O.Ó8: 10.06: 11.21:    : îl2.37 : 
2 :   "   ! :  13  ! ! 40 ; 10.50: 11.71: 13.07:   s :14.58 ! 
3 ,   "    i !    13  1 ! 50 : 12.42: 13.92: 15.42: ! ¡17.24 
4 :   •■    i !    27  ! !  30 t     9.47: 10.49: 11.58: ! 12.83 
5 :  " !    27  ! !  50  : 12,42: 13.92: 15.52:   ; ¡17.02 
6 : Benzol ; .  10,5 ! !  27  s  5.87:  6.30:  6.68:    : !6.94« 
7 :  " ! 10.5 !  70 Ï  8.37:  8.65:  8.84:8.91' ! 

Conclusions from Laborator;^ Extraction Experiments> Other solventó 
than acetone and benzol may be used for removal of both resins and 
rubber, such as alcohol instead of acetone for resin extraction, and 
chloroform, toluene^xylene, petroleum ether, aromatic petroleum frac- 
tions ivith boiling ranges of "lighter than xylene," "xylene,** "higher 
mixed aromatics,*^ and mixed solvents instead of benzol for rubber ex- 
traction. From considerations of availability, effectiveness of extrac- 
tion, and ease of removal from the product, acetone and benzol were 
established as the preferred solvents. 

Fineness of grinding not only affects the rate of extraction v/ith 
acetone and benzol but also the yields of resins and rubber are con- 
siderably increased. 

Cooked or cheroically treated leaves were extracted more rapidly and 
completely than dried, vvhole leaf material. 

Hot acetone gives a faster extraction of resins. Acetone soluble • 
material was removed from ground leaves approximately eight times faster 
at 50^ C, than at 30^ C«, hov/ever, no effect was observed at 30^ C. or 
50^ C. in the rate of acetone extraction when the flow'was increased 
above 100 gallons per hour for 85 pounds of leaf jtrnterial. Hot benzol 
gives a faster extraction of rubber. 

The two-solvent process of extraction with acetone and benzol has 
been established to be satisfactory for production of usable rubber 
from goldenrod leaves. ' .     > 
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Single Cell Extraction Bxperinents> The next step in development of 
the extraction process on an intermediate scale considerably larger than 
the laboratory glass extraction equipment was carried out in a single 
cell extraction system with a capacity of 70 to 80 pounds of ground 
goldenrod leaves* In this way ample quantities of benzol extract were 
obtained for the complete evaluation of the goldenrod rubber and infor- 
mation was obtained on the suitability of the extraction process for 
still larger pilot plant scale production, particularly in regard to 
behavior of the solutions when processed in metal equipment»^ 

Thirty-five experiments were made in this single cell extraction 
system, the arrangement of which is shown in Figure 10» For the first 
18 experiments the procedure was similar to that used in the laboratory 
glass extraction system* The ground goldenrod leaves were placed in a 
cotton sack which fitted inside a jackated metal extractor 14" in di- 
ameter by 38'* high, provided with a removable top for loading and un- 
loading. Hot Ämter was circulated through the jacket, which extended to 
a height of 36'% to maintain the contents of the extractor at definite 
temperatures during extraction v/ith each solvent. The solvent entered 
near the top of the extractor, and followed a downward path thr'ough the 
ground goldenrod material, passing from the bottom into an overflow leg 
which maintained the liquid level within 4'* of the top so that the 
charge in the extractor was always covered with solvent. The extract 
drained from the overflow leg into the evaporator. 

The evaporator vías  a single shell 14" in diameter by 24^* high, 
jacketed to a height of 15" for heating by 25 pound steam. As rapidly 
as solvent could be distilled from the mi s ce lia the vapors iirere con*^ 
densed by a water tube condenser and the condensate returned continuously 
to the extractor. Recirculation was thus, effected without a pump, the 
rate being approximately gaged by a sight glass in the solvent return 
line# Between the evaporator and condenser there was a 4* section of 
8" pipe packed with 1/2" lengths of 12 ram. glass tubing ^s a ring pack^ 
ing for removal of acetone from the^ distillate during the first few hours' 
of benzol extraction, since all the acetone could not be drained from* 
the extracted material* A top cut of 15 gallons 'of disti3,late Contain-»•- 
ing about 60^ acetone was separated and later fractionated to recover 
the piire solvents* For. .both the acetone and benzol extractions the 
evaporator had'a capacity of 15 .to 20 gallons per houir which^ Was equal 
to about One solvent change through, the extractor per hour• ' ' '' - 

At intervals, depending upon the concentration of the ifíiscellá, it 
was pumped from the evaporator to either the acetone or thé benzol- final 
concentration.still. These separate stills,'one for résina and the'other 
for rubber solution, were identically constructed,^of shell's Í6" in di- 
ameter-by 24" high^ jacketed for 12" of the.height for 25 lb. steam h^at*^ 
ing# Each was equipped'lYith a water tube condenser similar to the' one 
provided for the. evaporator.. (Details of the design of theáe condensers« 
and other units are,giyen more, completely,in Section III*) Recovered 
solvents v/ere returned to the^ 50 gallon acetone and benzol storage tanks«- 
The concentrated resin, s.ubstantially-free of acetone, wafs sufficiently 
fluid while hot to be run into 50 lb* lard cans. The'benzol extract', at 
a concentration of 1.0 to 1«5 pounds per gallon, was drained from the 

over 
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benzol still into 5 gallon p5rrex bottles for storage until further use# 
These bottles were carefully wrapped to av.old exposure of the'solution 
to light. .    ; 

For each of the 18 complete experiments made in this system the ex- 
traction procedure consisted essentially of a continuous acetone extrac- 
tion, an acetone draining period of an hour, followed by a continuous 
benzol extraction« On completion of the benzol extraction, the extractor 
was drained for one ho\ir, and steamed out to remove the remainder of ben- 
zol still absorbed by the goldenrod material. The benzol-water mixture 
steamed from the extractor was condensed by means of a single pass, 
water cooled, double pipe condenser, and the benzol layer was siphoned 
from the settled mixture and reused without drying or redistillation« 

The evaporator, stills, and extractor were all constructed of welded 
14 gauge galvanized, iron. The pipings filling, solvent, and extract 
valves were all black iron and either l/2 or 3/4" in size, pipe joints 
being sealed with litharge and glycerine« ' 

After completion of the first 18 extractions the extraction system 
was altered to permit determination of the effect of varying conditions 
such as rate of flow, temperature,and pressure, and to provide upward 
flow of solvent through the extractor. The solvent was pumped,to the 
extractor by means of a small gear pump instead of flowing by gravity 
from the condensers« The jacketed extractor was replaced by an extrac- 
tion cell of the type used in the eight cell pilot plant battery, 
details of which are shown in Figure 11.  It was constructed of a 54" 
length of 12" pipe with a 12" welding neck flange at the top and a 12" 
welding cap at the bottom. A side access 6" x 12* was provided near 
the bottom of the extractor for discharging« Cover plates for the top 
and side openings were bolted, and made solvent and vapor tight by 
gasketing with vegetable fiber sheet material (Pac-Oil) coated with a 
starch-glycerine sealing compound« In this welded extraction cell pres- 
sures above atmospheric and correspondingly higher temperatures could be 
used« The entire extractor^ with the exception of the cover plates, was' 
insulated with a 2" layer of Sbfo magnesia• 

To provide for either upward or downward flow of solvent filters were 
used at both top and bottom of this extractor« The top filter frame was 
15" X 10", covered with a-, cotton filter cloth, and was inserted verti- 
cally in the extractor. By means of a pipe connection through the ex- 
tractor to this filter, either solvent could be pumped through the 
filter to the goldenrod jmterial for top feed, or the extract could pass 
through the filter into the pipe outlet when bottom feed was used.  The 
bottom filter frame was circular and was covered.with a cotton filter 
cloth.  This frame rested horizontally across the bottom of»the extrac- 
tor, and was held in position by means of a tightly-fitted ringiwhich 
was set directly on top of the filter. Valves were provided so^ that the 
solvents could be pumped either upward, or downward through the material 
in the extractor. Solvent inlet pipes were jacketed near the inlet in- 
either case for steam heating of entering solvents« 
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II. Fig. lOA. General view of jacketed single cell, extractor 
and auxiliaries, as used in the pilot plant for producing 
larger amounts of rubber by the laboratory procedure, and for 
preliminary large-scale experiments.  (Refer to Fig. 10.) 
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The acetone and benzol stills were operated continuously during both 
the acetone and benzol extractions» The jacketed extra'ctor previously 
used \vas converted into an evaporator and was connected to a condenser 
similar to those used with the stills.. This evaporator vms used for pre- 
liminary concentration of both acetone and benzol miscella, and could be 
connected for discharge to ,either the acetone or benzol recovery â.nd 
final concentration stills* 

The resins and benzol extract obtained from the stills v/ere handled 
in the same manner as for the earlier experiments» The smaller evapo- 
rator used in the earlier experiments was used as a vented receiver for 
the solvent returning from the condensers^ from which either acetone or 
benzol was pumped for recirculation. The rearranged system had an evapo** 
rative capacity of 60 gallons per hour of acetone, and about 50 gallons 
per hour for benzol. , 

For each of the 17 experiments carried out in this rearranged extrac- 
tion system, the stages of operation were:  (1) continuous acetone extrac- 
tion; .(2) acetone draining period for one hour; (3) continuous benzol 
extraction; (4) benzol draining period for one hour; and (5) steaming out 
for five hours to recover benzol remaining in the residue. 

Results of all of the J5ingle cell extraction experiments are summariz*» 
ed in Tables VIII to XVII, inclusive, in which they are grouped accord- 
ing to the numerous variations of the, procedure which were studied. The 
principal factors varied were temperature, rate of solvent flow, total 
time of extraction, and upward as Compared to doxvnward flow through the 
material. All of the goldenrod used was hand-stripped, dried leaf 
material containing a negligible amount of stems or blooms, which was 
shipped from Savannah in moisture-proof paper sacks for grinding at the 
Southern Regional Research Laboratory. It was all from the 1942 crop 
except a small quantity of 1941 material used in experiments 1, 2, 15, 
and 16. Consideration was given to thi?. differences in rubber content 
and quality of leaf material of different, selections and from different 
fields in selecting lots for use in the various series of experiments. 

Experiments listed in Table VIII. Experiments 1 and 2 were prelimi- 
nary extractions performed chiefly to obtain several pounds of goldenrod 
rubber. Experiment 3 was the first continuous extraction made with 
finely ground goldenrod leaves. The acetone and benzol e^çtractions were 
each conducted over a long period of continuous operation» The goldenrod 
leaves used for this experiment were considered to be of a very good 
grade. 

Experimentes listed in Table IX. These experiments were made with the 
same lot of goldenrod leaves, and the same rate of acetone and benzol was 
used for each extraction. However, the effect of fine grinding (Exp. 4) 
versus coarse grinding (Exps. 5-8) and of variations in extraction tem- 
perature and time are indicated in the results given in the table. 

For both the acetone and benzol extractions, experiments 6 and 7, rate 
studies of completeness of extraction versus time were made and are 

over 
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plotted in the form of curves in Figure 12 for Experiment 6 and Figia-e 
15 for Experiment ?• 

Experiments listed in Table X. These experiments, 9, 10, and 11, 
were each made from the same lot of goldenrod materials  In addition the 
conditions for extractions; namely, the rate, temperature, and extrac- 
tion time, were practically identical for all three experiments, to 
determine consistency and reproducibility of results* 

Experiments listed in Table XI.  The material for these experiments 
was taken from different lots of goldenrod leaves* For these experi- 
ments, the acetone extraction time was considerably longer than for 
experiments in the preceding table» The benzol extraction time for Exp# 
12 was one-half as long as for 13 and 14. For all these experiments the 
material was coarsely groxmd. In fact the ground material for Exp» 13 
was somewhat coarser than for the other two. -Benzol extract from Exp. 13 
was divided into three fractions and tested separately to evaluate the 
rubber from each fraction. The first fraction v/as the extract from the 
first three hours of extraction, second fraction, extract from next three 
hours, and third fraction contained the extract from the last eighteen 
hours. 

Experiments listed in Table XII. Although the original material for 
these two experiments was from the same lot, the leaves for Exp* 15 were 
given an acid treatment, and ,the leaves for Exp. 16 were given an alkaline 
treatment before extractions.r 

For experiment 15, 113 poimds of goldenrod leaves were divided equally 
into two batches.  Each batch was cooked together with 45-l/2 gallons of 
water for three hours. The pH was naintained at'approximately 4«4 by the 
addition of small amoionts of sulfuric acid. Cooking was done by means 
of steam introduced directly into the suspension of solids. At the end 
of three hours the water was drained off through a 120 mesh screen, and 
the leaves were washed three times, rescreening each' time. The wet 
leaves were dried in a tray drier for 24 hours at a temperature of 130^ 
to 134^ F. By means of this procedure the original 113 pounds were re- 
duced 39.6/^0 in weight. The dried leaves were ground in a knife type 
mill. 

For experiment 16, 87 pounds of goldenrod leaves were divided equally 
into two batches. Each batch was cooked separately/ with 55 gallons ^^f 
1/2^ sodium hydroxide/for three hours by means of direct steam» . Then 
the solution was drained off through a 120 mesh screen. Approximately 
35 gallons of water were added to the drained leaves, and the-mixture was 
brought to a boil and once again drained. A second 35 gallons were added 
and drained as before. A third 35 gallons were added'arid 10 cc. of con- 
centrated sulfuric acid were poured into the mixture* This solution was 
drained off and a fourth 55 gallons of wash mter added, boiied, and 
drained• Then the wet leaves were placed in the tray drier for 24 hours 
at a temperature of 130 to 135^ F. By means of this procediire the  original 
87 pounds was reduced A7w5%  in weight» "" 



Analytical'determinations on thö original material gave 18»5^ acetone 
extract and 3#3;^ benzol extract♦• while on the acid treated leaves the 
values were lö^Bfo  acetone extract, • 5.05/Í benzol extract^ and on caustic 
treated leaves Î5.7JÎ acetone extract and 7»13/^ benzol extract. For 
these two experiments the extraction time, rate, temperature^ and fine- 
ness of grinding was practically the same« For the acetone extraction 
of Expt 16, and for the benzol extraction of Exps« 15 and 16 studies of 
rate of extraction versus time were ra6.de and were plotted in the form 
of a curve* The curves are illustrated in Figvire 14 for the acetone ex- 
traction of Exp. 16, and in Figure 15 for the benzol extraction of 
Exps« 15 and 16, 

Experiments listed in Table XIII# This table contains the results of 
Exps. 17 through 20. Since the first 18 extractions were made in the 
original single cell extraction system and the last 17 experiments were 
made in the rearranged system, the table contains two complete experi»* 
ments for each system. Experiments 17, 18, and 19 were all made from 
^the same lot of material 'v\áiich was considered to be a good selection of 
leaves, while Experiment 20 was« made from a lot of material somewhat 
inferior when compared to that used for the other experiments in this 
group# For all four experiments the goldenrod leaves were given a coarse 
grinding* Experiments 17 and 18 were made with  relatively long acetone 
and benzol extraction of the same duration*for both experiments» One 
percent para amino phenol was added to the rubber product as an anti-* 
oxidant, instead of Öeß%  of Flectol H» The rates and temperatures of 
extraction were identical for both experiments* The only difference 
between these two runs was that relatively pure acetone was used for the 
acetone extraction of Experiment 18, while the solvent used for the 
acetone extraction of Experiment 17 contained 255^0 benzol» In this way 
some of the lower molecular weight rubber was fractionated out, and 
the yield was consequently lowgr» 

The conditions for Experiment 19 were irregular due to filter 
trouble within the extractor« However, the material was given a rela- 
xt ively long acetone and benzol extraction, and satisfactory results 
were obtained♦ 

For extraction 20, ,the rate of solvent flow through the charge was 
greatly increased, in the jacketed extractor, used for previous ex*- 
.periinents, the raté of flow of solvent was 15 gallons per hour, while in 
the,-new unit the rate was increased to 120 gallons per hour, however, 
^approximately 75^ of the 120 gallons was recirculated extract and only 
, 30 gallons was fre'sh pure solvent* 

Experiments listed in Table XIV» For these experiments a composite 
batch of leaves was used, since "üiese experiments were conducted to 
study various factors which might affedt the rate and completeness of 
extraction, and the final quality of the goldenrod rubberé All five 
runs had the same number of hours of acetone and benzol extraction« 
Experiment 21 was made with normal extraction temperature and pressure 
as used in the preceding experiments. Experiments 22 and 23 were runs 
in which the solvent action was that obtained in soxhlet fype extrac- 
tion. Of the 20 gallons of solvent pumped into the charged extractor, 
10 gallons were drained off after 25 to 35 minutes of standing in 

over 



II-p* 16 

contact with leaves at 110 to 115 ¥•    A complete cycle required approxi- 
mately one hour, and after 24 cycles the extraction was discontinued» 
In Experiment 24 the acetone was maintained at a temperature of approxi- 
mately 150^ F. (16 lb. gauge) and the benzol temperature at 170^ F. (25 
lb. gauge) instead of the usual temperatures lCP-15^ F»  below the boiling 
points of the solvents ♦ For Experx"ments 21 and 24, the flow to the ex- 
tractor was 120 gallons per hour, 75 gallons of recirculated extract and 
30 gallons of pure solvent. In Experiment 28, a higher temperature was 
used dxiring acetone extraction, but during the benzol extraction the 
temperature was maintained at 10 to 15^ F* below boiling point. However^ 
for this extraction the solvent was pumped into the bottom and the ex- 
tract removed from the top outlet of the extractor* This procedure was 
the reverse of the solvent flow used for the other experiments in this 
group. The rate of flow was 60 gallons per hour for the acetone extrac- 
tion, and 50 gallons per hour for the benzol extraction. 

Experiments listed in Table XV. For*each of the experiments in this 
group the material for extraction was taken from separate lots of golden- 
rod leaf material, and all were given a rather coarse grinding. Similar 
to experiments in the preceding tables, these experiments were conducted 
to determine the effect of increased temperature and pressxire during ace- 
tone and benzol extraction, upon the completeness of extraction. For » • 
Experiments 26 and 27 the acetone extraction was for 36 hours while the 
extraction time was somewhat shorter for the other two runs. The benzol 
extraction time was not less than the equivalent of 24 hours of continuous 
extraction for all four runs. In Experiments 25, 26, and 27^ the solvent 
entered the extractor at the top while in Experiment 29 the solvent 
entered at the bottom. For Experiment 25 the flow to the extractor was 
120 gallons per hour (90 gallons recirculated extract and 30 gallons pure 
solvent).  In Experiments 26, 27, and 29, the acetone was pump'ed at 60 
gallons per hour and the benzol at 50 gallons per hour. 

In the product of Experiment 25, 0.5%  of JZF was added as an anti- 
oxidant instead of the usual 0,5?2 Flectol H.   . 

Experiments listed in Table XVI. The same lot of material was used 
for these two runs.  The extraction procedure, the temperature, rate of 
extraction, and hours of continuous acetone and benzol extraction were 
practically identical for both of these extractions. The essential 
difference was that for Experiment 29 the material was coarsely ground, 
and for Experiment 30 the material was finely groundè "      / 

Experiments listed in Table XVII, Extractions were made with the same ^ 
lot of material for experiments 32 and 33, while different lots were used 
for Experiments 54 and 35, All the material for these four runs was 
ground in a hammer mill and the grinding was comparatively finer than that 
for most of the preceding experiments. Extraction procediere, temperature, 
rate, and time were essentially the same for all four'experii^tents^ and the 
chief factor studied in this group was the effect of fineness of grinding 
upon completeness of extraction, é 
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II-p^ 17 

For vulcanization and testing of the goldenrod rubber from all 35 ex- 
periments, representative samples of the crude benzol extract and also 
the acetone precipitated material were precured in pot stills one to six 
hours with the following chemicals added in solution: 

Rubber 100,0 parts 
Zinc Stéarate 5,5 
Thiotax 1.0 
Flectol H 1*0 
Sulfur 3.5 

In both cases a sufficient sample" was taken to produce approximately 
50 gms. material into which 5.5 parts Zinc Oxide vfere then milled on cold 
rolls* In all cases^ except where p-^aminophenol or JZF were substituted, 
the imterial produced in the pilot plant contained 0.5^ Flectol H, based 
on rubber. 

over 



Ilr-TABLE VIII 

Exp. 
No. 

T 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Type of Mill 
laii 

Screen 
SCREEN kllMYSIS-fa PASSED THROUGH 

Knife  cutter 
It " 

; 30 mesh: 
; 30 " : 
tl/l,6^}^ 

Density 
{¡'/en.  ft. 

100 
Mesh 

80 
Mesh 

60 
Mesh 

40 
Mesh 

80.6 

20 
Mesh 

100.0 

Wt. of 
Charge % 

#'s Total :  îîoisture 
67.2 ; 
65.7 :    8.57 
77.8 !   6.68 

I 

00 

ACETONE EXTRACTION BEítóüL  EDÍTRí^CTIÜN 

Solv. in : Time 
Extractor: Hrs# 

: Rate ! 
:G./Hr.î 

.  Temp.î Press. 
. ^»s/sq.in. 

¡ folv.in :Time: Rate • 
! Lxtractor:Hrs.: G./Hr.- 

•Temp.:  Press. 
, °p. :^'s/sq.in 

:  Anti- 
, :oxidant 

At top  : 

^»  »'   :  38 

:  15  - 
:  15 
:  15 

,   120 : 
;   120 ' 
:   120 - 

None 
tr 

If 

¡ At top : - : 12 ¡ 
: " " : - : 12 ■ 
;  "  "  : 28 : 12 

' 140 :  None 
; 150 i 
! 150 : 

:Flectol H 
• 

SINGLE    CELL    KÎTÏIACTÏÔÎÎ   RESULTS 
:      Acetone 
ÎResins:Resins 

Lbs, 
12,9 
13.0 
11.8 

19.2 
19.8 
15.2 

Benzol 
Vol.Bxtj Tot.. S id.: Res ins:  Rubber 

imW llATiilRIAL 
~:Analytical Ext. 

Gals. 

2.08 
3.86 

Gms/( CCi % *  ;#«s  Crude 

.1740 

.1415 S.OT 

2.84 
3.01 
4.568 

Rubber  :Yield :Acetone : Benzol 
ff's Resin-free; % * 

4.34 

:4.22i^ 
:4.58íí 
:5.59 

% * /" 
20,1 
18.35 
15.43 

5.42 
4.41 
5.82 

Efficiency 
of -- 

Extraction 

95,9 

Crude feenzoli OPTIMUM   VULCANIZATION      AND      TESTIN G.DATA 
extract 

Titr. 
c«. 

5.30 

Vis. 
c.p. 

Unprecipitated 
Tim«: Temp. 
Mins4  °F. 

30 260 

Tensile 
#/sq.in.; 

2060 

Elong, 

lib 

Acetone Precipitated 
Reeins Time 

I'lins, 
Temp. Tensile 
Op, ^/sq.in. 

Elongation 

♦-Percent based on total weight. 
N-Yield based oi   v/eight of crude rubber • (jQ. 
T-Estimated resins. 



II~TABLE IX 

Exp, 
No. 

4 
5 
6 
7 
8 

4 
5 
6 
7 
8 

4 
5 
6 
7 
8 

Type of Mill 
: Knife "cutter 

Hill 
Screen , 

: 1/16* 1/32 

Density 
;f//cu.  ft. 

y CREM ÁmLYSIS->i PASSED TMOUGH 
100- 
Mesh: 

-80 . 
îfesh 

60 
Mesh 

40 
Ifesh 

lîaight ■^ 

l/l6 
ï/l6 
1/16 

 l/l6  
ACETONE EXTRACTION 

17.1: 
6.8: 
6.8: 
6,8: 
6.8: 

22,6 
9.2 
9.2 
9.2 
9.2 

44.6 
17.9 
17.9 
17.9 
17.9 

91.3 
43.2 
43.2 
43.2 
43.2 

Solv, in • Time •  Rate 
Extractor : ïîrs , ; G-./Hr. 

Temp, 

At top 

. Acetone 

32 
24 
12 
14 
"USEE 

16 ■ 
17 
15.5 
21 

TSO" 
122 
120 
128 
130 

#'s 
Press. 
:/sq.in. 

lilXTÜACTIÜN 

None 
None 
None 
None 
None 

BEîîZOL EXTRACTION 

20  : Charge 7Ó 
Mesh : 7f Total : Hoisture 
100.0: 84.3 !   7.22 
98.8: 80.5 :   7.22 
98.8: 40.0   ; 7.22 
98.8: 40.0   ; 7.22 
98.8: 74.0  : 7.22 

Solv.in ""-" 
extractor; 
At top 

Tirae . Rate 
Hrs. :G./Hr. 
26 
26 
24 
12 
12 

Temp, 

160 
15 

14.5 
15.5 
12 

RESULTS" 
"Benzol  ' 

: 155 
: 140 
: 140 
: 135 

Press. 
3^'s/sq.in. 

None 
None 
None 

. None 
None 

immmrr 

Anti- 
oxidant 
Fiectol H 

Resins¡Resins:Vol.Ext* 
Lbs. ; fo       i     Gals, 
13.8 

:..13,0 
6.8 
6.0 

15.0 

16.4 
16.2 
17.0 
15.0 
17.6 

5.00 
2.46 
1.92 
1.82 
3.73 

Tbt,SQlids:Re3ins: Rubber:'  Rubber  :Yield: Acetone 
Gms/c,< 
.1424 
.2205 
i 1295 
,1375 
.1090 

o. ; ;o * tf Crude;^ Resin-rfree^; /a * 

Analytical Ext.; Efficiency 
~      Benzol:    of ^ 

: Extraction 

; 6.0T 
i 6.7 
;15.8 
;13.4 

5.95 : 
4.55 : 
2.07 Î 
2.09 : 
3.56 : 

5.62 
4.28 
1.93 
1.76 
3.Ó8 

Crude Benzol I 
Extract t 

Titr.: Vis. : Time : 
c«o. ; c.p. : liins.: 

6.67: 
5.32: 
4.825 
4.40: 
4.17: 

14.3 
14.3 
14.3 
l<t,3 
14,3 

f- 
6.86 
5.86 
5.86 
5.86 
5.86 

114:^ 
90.8 
82.5 
75.1 
71.5 

0 P T I M U M . V Ü L C A N .1 Z A T I ON    AND       TESTING 

4 
5 
6 
7 
8 

DATA 
Unprecipitated 

Tençi, 
op. 

4.30: 
4.30: 
4.35: 
4.25: 
4.30: 

45 
75 

135 

260 

260 
260 
260 

Tensile 
^/ sq.in. 
T5S5" 

1540 
840 

1000 

Elong. 

% 

735 
800 
750 

Acetone Precipitated 
Resins Time 

I fins. 
"¥ö" 

Temp.: Tensile 
°F. : #/sq.in. 
260 : 17W 

75  >  260 :  1780 
105  :  260 :  1920 
60 :  260 :  1790 

Elongation 

T5ir 

785 
735 
800 

f 
»Tí 

<Ö ♦-Percent based on total weight. T-Estinated resins» 



II-TABLE X 

9 
10 
11 

9 
10 
11 

•9 
10 
11 

SCREEN ANALYSIS-% PASSED TffiíüUGH ITt. of 
': Charge 
:#'_sTotal 

80,0 

Solv. in 
Extractor 
At top 

Time : Rate 
Hrs. ; G«/Hr. 
28 
24 
24 

20 
20 
22 

Temp 
°F 
120 : 
125 : 
100 : 

Press, 
^f's/sq.in 

None 

iolv. in iTime: Rate :Terip.:  Press. . :Anti- 
}.xtractor;nr3.: G./Hr.; °F. ;#'s/sq.in. ;oxidant 
"At top  : 24 : IB  TTSö :  None  : Flectol H 

"  "   : 24 : 16  : 135 s   "    :   "   " 
"  "  : 24 : 18  : 135 :   "   . t   "   " 

;  Acetone     
: Res ins: Res ins: yol* Ext. 

SINGLE 'CELL EKTRA.CTlOir RESULl^ 
■. " .  ' Benzol 

Tot.SldSrfResins: 

nSTTlKTMÏir 

Rubber 

Lbs. 

Rubber 

Gals. :Gms7cc. : %  *  ;#^s Crude:#'s Resin-free 

tAnalytical Bet.: Efficiency 
ÍYield :Ac0ton0:Benzol:   of 
\  % *■     Î ?i *  : /o *  : Extraction 

15.0 t 18.8 
14.0 : 19.2 
12,3 : 16.5 

3.29 
3.84 
3.52 

.1360 

.1127 

.1090 

12.0 
11.2   : 
11.5   : 

3,73 
3.61 
3.189 

3.28 
3.21 
2.82 

4.10 
4.40 
3.79 

15.8 
15.8 
15.8 

5.89 
5.89 
5.89 

69.7 
74.8 
64.5 

TJ 

O 

I M U M      VULCANIZA Crude Benzol >0 P T  
Extract  : _  _ Unprecipitated^ 

Titr, : Vis.: TimeT T^emp . : fensi le : 
ce. : c.p.: Hins.! °F.  :#/sq.in< 

T  I 0 Ñ TTTD TESTING      U A T X 

Elbng. 

% 
4.30:.689 
4.25:.692 
4.40:.698 

90 
30 
75 

260 
260 
260 

1010 
1650 
1110 

790 
715 
750 

Acetone Precipitated 

"Tlrae Resins :  Time : Temp. ' TensiTi"    * 
i"      :. Mins.;   °F.   ;#/sq.in. 

75 
90" 

120" 

260 
260 
260 

2010 
1490 
1620 

Hongation" 

% 
725 
700 
735 

♦-Percent based on total weight. 



U-TABLE XI 

:                                 :     Hill !                       : S CREM AmiYSIS-^i PASSED TfffiOUGH    :  Wt.  of 
Exp.   ! !  Type of Hill  :  Screen :    Density :   100     :     8Í     :     60     •     40     :     20    ::_Charg9 /. 
No.     i !  #/cu.  ft.:   Mesh  :  Meeh  :  liesh  :  Mesh :  Mesh  :#«s  Total  - !         îfoistiire 

12     ■ !  Knife Cutter   :     1/16     . :           -         :   8.5     :   12.0  :  22.4   :   56.8   :   98.2   :     71.5 :              8.93 
14     ■ .       "             "       Î     1/16 !'       27.8       :   5,5     :     8.8  :   18.0  :   52.0 :   98.8  :     71.5 !              9.35 
13       ! :       "              "       :     1/16     ; -   ,      :   3.2     :     4.8   :   10.4   :   38.2   :   96.2   :     74.0         ; 8.31 

12 
14 
13 

ACETONE    EXTMCTION 
Solv.  in  :   Time  :  Rate     :     Temp*:     Press# 
Extractors   Hrs»   :   G*/Hr^:      ^F>   ; ^«s/sq>in. 

"3^5 ; 16 Î. 125 
36 : 15 I 130 
36     :     15       :     130 

BMZOL      EXTI^GTIOîi 
Solv.  in  ;Tim8:  Rate 
Extract or :Hrs.;  G*/lir< 

Temp*:     Press. Anti- 
ox idant 

At top None At top 
If       If 

IT 
24 
24 

TF 
15 
15 

1W 
150  Î 
145  ; 

Hone 
It 

Flectol H 

SINGLE CELL EXTIi/iCTION RSSUi^TS ¡RKW ÍATMIAL    , 
:       Acetone       :          '. Benzol ¡Analjrtical Bct.i 

¡Acetone:Benzol, 
:     %*     :     % * 

! Efficiency 
:Resins:Resins:Völ.Extj 
: Lbs.  i'  %      '.- Gals.- - 

.Tot.SldaiResins: Rubber     ; 
¡Gmsycc.  i    % *  :--i«s Crude é^s 

Rubber 
Resin-fr 

: Yield  ! 
36:  f, * 

:         of 
¡Extraction 

:     12.5:   17.5  :   3.09     ! 
:     12.0-.  16.8 î   2.87     ; 
j     12,6:   17.0  î  1.06     ! 
!              :              :     .31     ! 
:           ■■ i              :1.09     ! 

.1260     :  6.80  t  3.24 
!   .1260     :12.55  :   3,01 

.1810     :   6.25  :   1.605       : 

.1760     :22.20  :     .455       ; 
,- .0782     :25.20  :     .856       ; 

3.06      ■ 
2.63 
1.500 

.354 

.642 

: 4.28 ■ 
:   3.68  - 

:) 
:)3.38   • 
:) 

: 15,5 : 5.85 : 
,   17.73  :   5.04  • 

:   14.5     :  5.39  ! 

.         73.3 
¡         73.0 

¡         62.7 

12 
14 
13A 

B 
C 

¡Crude Benzol:a P T I M U M     JT. U L C A N X Z A flON      AND      TESTING      DATA 
Extract      :               Unprecipitated               j Acetone Precipitated 

¡  Titr.:  Vis.:  Time:  Temp.:Tensile:  Elong. :  Resins:  Tirae:  Temp.  Tensile   • ,  Kiongation 
¡   c.c.   :   o.p.î  Minsí     °F. .i^/sC[.ln.;       fa ••       % ¡  Mins.:     °P.; .#/sq.in.   ! % 

12       ! ¡  4.50  :   .697:  45     t     260 :   1665     :   750 : ¡     75  :  260  : :     1800       ! 765 
' 14     . I  4.35  :   .692:%60    :  " 260 :   1415     :   750 : ;     60  :   260  ! ¡     1845       ! ¡           735 

13A  . !  4.35  :   .765:  45    •     260  :   1660     :  775 ■ ¡     60  :   260  - ¡     1795       ! 750 
B  - ! 4.45  :   i695:  45     : '  260  :   1215     :   690 >       • !     60  :   260  ! ¡     1720       : 810 
G   ! ¡  4.55  :   .655:  45     ;     260 :     38Ó     t  540 ! :    60 s  260 • ¡     1295       ! ¡           660 

^-Percent based on total \Yei^t, 
I 

« 



15 
16 

II-TABLE XII 

, Type of Mill 
'.     Mill  • 
. Screen ! 

Density 
, #/cu. ft.' 

• SCREEN ANALYSIS-?^ PASSED THROUGH : lit. of 
: Charge 
• l^i-'s Total . 

Exp, Î 

No. 

. 100  :  8C  :  60  :  40  :  2Ü 

! Mesh : Mesh : îiesh : Mesh : Mesh ;    Moisture 

15 
16 

, Knife cutter 
ft   tt 

:  1/16 
:  l/l6  - 

:  20.7 
(  19.8 

! 1.7  : 7.2  : 17.3 : 51.5 : 98.8 
: 3.8  : 7.5  : 17.0 : 52.2 s 96.5 

:  63.5 
:  41.5 

!     9.46 
:     9.49 

15 
16 

ACETONE EXTRACTION }3ENZ0L EXTRACTION 
Solv. in : Time 
Extractor: Hrs. 
At top 24 

24 

Rate 
G./Hr, 

16 

Temp, 

126 
127 

Press.  ': Solv. in :Time: Rate  :Temp.:  Press.  : Anti- 
ff's/sq.in.; Extractor :Hrs.: G./Hr.: ^F. :#'s/sq.in.; oxidant 

None 
tt 

At top ^24"^      TB     2   146   I       Tone 
24   :       16     :   150   : 

:   Fleetoi  H 
»t ft 

SINGLE CELL E}CTRACTION RESULTS :1UW laTBRIAL 
Acetone Benzol 

;Kesins:Kesins:.Voi..^k^t; 
Ï   Lbs. % Gal£ 

10.5  :   16,6   : .1.29 
6.65:   16.2   :   1.41 

Tot.tíids.sResins: ' Rubber 
Gras/cc.     ;     % * '.#'8  Crude 
.2520  : 17.75: 2.72 
.1864  : 19.05: 2.20 

Rubber 
=;i»s Rösin-free: %  * 

: Analytical Bet. : Efficiency 
Yield :Acetone:Benzol:   of 

! Extraction 

2.24 
1.78 

3.53 : 15.8  : 5.05 :  70.0 
4.29 : 16.7  : 7.13 :  60.2 

: Crude Benzol:0 P T 
j     Extract      :_  
:   Titr.: Vis,.; 
;   C.C.:   o.p.: 

I M U M      VULCANIZA TIOIÎ      AND      TESTIN G      DATA 
Unpr e cipitated 

Time: 
Mins,: 

15 
16 

4.75 
5.00 

.663: 

.648: 
75 
45 

Tempi:Tensile:- Elong. 
°P. ' :i^/sq.in.;  /o 

700 260 
260 

TÎU" 
570 685 

Acetone Precipitated 
Resins 

% 

Time: Temp. Tensile 
Mina: °y.'.§/sq.  in. 
45 
45 260 785 

Elongation 

— é'ës  ^ 
710 

H4 
I 

ro 
CO 

♦-Percent based on total weight. 



II-TABLE XIII 

.     Mill     ! ,  Density    -, 
SGREHÍ AHALYSIS-^i PASSED. TliROUGH  • : Wt.  of 

":     Charge Exp.   ! :   100 :     80     :     60     :     40     :     20 /o 

Wo. ,   Type of aiill   ; !  Sci*Qen  i 1   -¡f/cu..   ft.' :  îles h :  Hesh  :  Mesh  :  Hesh .:  liesh :-^«s  Total !           Iloisture 
17    ! ,  Knife cutter  < !     1/16     i 27.2       ! .     4.8 !     7.5   :   14.8  Î  4Ö-9  :   96.8 :     72.0 !               7.07 
18   ■ It           (t ,     1/16    : 27.2       i ,     4.8  , !     7,5   :   14.8   :  43.9   :   96.8 :     72.0         ) !                7.07 

■  19    ! ,       tt           ti ,       l/l6       ! 27.2       ! .     4.8   . :     7.5   :   14.8   :  43.9  :   96.8 :     67.Ö      ■ Î 7.07 
2Q  ! II                   H •     l/l6     : 24.9       ! 5.4  • .     7.3  :   13.1  :   36.2   :   94.2 :     66.0         ! 9.55 

17 
18 
19 
20 

17 
18 
19 
20 

17 
18 
19 
20 

•ACETONE EXTR¿iGTI0N 
Solv.  in 
Extractor 
At top 
II       II 

Time Rate 
Hrs.   ;   G./HT. 

35 
35 

16 
15 

24     Î 3QS-90# 

Temp, 

127 

122 

Press« 
^^s/sq«  in i 

None 
tt 

tf 

1.5 

BKüZOh EXTRACTION 
Solv.   in  :Time:  Rato   :Temp. 
i:']x tract or-.Hrs.:  G./Hr^;   ^F, 
iit top 24   :, 14.5   :   150 

24   ;   14        :   140 

\   24   Í30S-90t¿   140 

Press» 
f^*s/sq.in. 

Hone 
If 

Tt 

1.5 

Anti- 
oxidant 
P. A.  P. 
I»     II     It 

Flectol H 
It II 

SEIGLE CELL EKTRi.CTION RESULTS :RAÏÎ IÖLTERIAL 
Acetone Benzol 

Resins:Resins:Vol.Ext<Tot.Siäs. 
Lbs. : %      t     Gals.:Gms/cc. 
11,0 : 15,3 : 2,76 : ,0905 
10,5 : 14.6 : 3.11 : .1030 
10,5 ; 15,7 : 4.27 : .0743 

t 9i25j 14.0 : 2.35 : ,0714 

Resins: Rubber 
% *  tjj='s  Crude 
9,12; 
7,10: 
8,20: 

26.50: 

2.08 
2.69 
2.65 
1.40 

Rubber 
^'s Resin-free 

T789" 
2.50 
2.43 
1.03 

:Analytical Ext. 
Yield  :Acetone:Ben2ol 

% /» 
2.63 : 14.8 : 4.83 
3.50 : 14.8 : 4,83 
3,63 : 14,8 : 4,83 
1.56 : 13-.4 : 2,79 

Efficiency 
of 

Extraction 
54.5 
72,5 
75,2 
55,8 

Crude Benzol îO P T I M U M      V Ü L C A N I Z A T I 0 II      AND      TESTI-NG      DATA 
Extract Unprecipitated 

Titr.î Vis,: Time: Temp.: Tensile s Elong. 
G.c. : c,p,: Mina: .°F.  :#/sq.Ji.;  % 
4,40 

t 4.45 
: 4.35- 
:• 4.60 

.722: 30 

.692: 30 

.698: 45 

.663: -90 

: . 260 
: 260 
: 260 
î 260 

2355 
1985 
1640 
1310 

750 
■ 725. 
700 
700 

Resins 
Acetone îVecipitated 

1.1 
0,9 
1.7 

Tine 
Mins. 
30 
30 
•60 
15 

Tulip, Tensile : Elongation 
.'^E.:#/sq. in.: '   % 
260 
260 
260 
260 

2605 
2130 
1995 
1780 

750 
750 
765 
735 

♦-Percent based on total weight. T 30S-90E =» 30 gallons solvent, 90 gallons extract. 
i 

tí 



II-TABLE XIV 

S CREM ANALYSIS-f. FLBSED  THROUGH 
M 

^ 

te 
Exp, 
No* Type of Hill 

; Mill • 
! Screen • 

Density : 100 
. #/cu. ft.! Mes¡ 

Knife cutter 

II     II 

II     It   , 

11     II 

,  1/16  ■ 
.   I/I6   ! 
.  I/I6  i 
.  I/I6  ! 
!  I/I6  - 

,  22.5   : 5.2 
.  22.8   : 5.8 
, 22.7   : 4.9 

22.4   ! 5.6 
!  22.4   : 5.0 

:  8C  ! 60 : 
: Mesh ; . Mesh : 
: 7.C  : . 12.7 : 
: 7.6  : 13.4 ; 
: 6.6  ! 11.9 : 
: 7.4  ! 12.8 : 
: 6.4  • ¡ 11.5 : 

40 
Mesh 

20 
Mesh 

Wt. of 
Charge 

#»s Total Moisture 
21 
22 
23 
24 
28 

21 
22 
23 
24 
28 

35.5 
36.4 
34.8 
35.3 
33.8 

93.8 
93.8 
93.7 
93.8 
93.7 

60.0 
62.5 
63.5 
60.0 
60.0 

9.73 
10.15 
9.83 
6.48 
9.79 

21 
22 
23 
24 
28 

21 
22 
23 
24 
28 

ACETONE EXTRACTION 
Solv. in :Time:  Rate 
Extractor:Hrs.:Gals./Hr. 
At top 
ti  11 

24 :30S-9ÜE T 
24 :1 Hr.-C. 

"   Î 24 :1 Hr.-C. 
"   : 24 :3.0S-90E''^ 

Bottom: 24 :  60 

Temp. 

110 
105 
150 
154 

Press, 
'^'s/sq.in. 

2.0 
1.5 
1.5 

16.0 
23.0 

BENZOL EXTlii-iGTION 
Solv. in -.Time:  Rate 
Extractor:Hrs.: Gals./HT. 

Temp. 
°F. 

At top 
It  It 

At Bottom: 

24 :3ÜS-9ÜE J-' 
24 : 1 Hr.-C. 
24 : 1 Hr.-C. 
24 :30S-90E'^ 
22 :  50 

115 
110 
170 
158 

Press, 
^'s/sq. in. 

1.5 
1.5 

25.0 
1.5 

Anti- 
oxidant 

Flactol H 
ti I» 

II. n 

» It 

It n 

SINGLE CELL EXTR/^CTIOIT RESULTS 
Lcetone Benzol 

Resins 
Lbs. 
8.50 
8c40' 
8.75 
8.65 
8c35 

Resins :Vol,E!ct<TQt»Slds. 
%       :   Gals.   :Gms/cc. 
14.2: 
13.5: 
13.8: 
14.4: 
1.3.9: 

1.59 
1.85 
2.69 
ä.06 
1-.85 

.1060 

.0746 

.0639 

.0862 

.0824 

Resins:  Rubber 
^ * :7¡t's  Crude 
26.1: 
27.0:. 
30.8: 
30.5: 

15.65: 

1.40 
■1.15 
1.44 
1.^48 
1.27 

Rubber :Yield 
;'^'s Resin-free: /» 

1,03 
0.84 
0.996 
1.03 
1,07 

1.72 
1.34 
1.57 
1.72 
1,78 

Em IBiTEKIAL 
Analytical Ext, 
Acetone: Benzol 

/o i 
13,1 : 2,87 
13.75: 2.69 
13.6 : 2.71 
13.7 : 2,67 
13.3 : 2,67 

Efficiency 
of 

Extraction 
60.1 
49.8 
58.0 
64.5 
66.7 

Crude Benzol 
Extract 

Titr.: Vis, 
c,c, : c,p. 
4.45 -: .665 
4.60 Í .652 
4.55 : .680 
4.55 : .663 
4,80 A ,-670 

0 P I M-U M  V U L C-A Fl Z.A T I 0 N  AND  TESTING  DATA 
ünprecipitateá 

Time: Temp, 
Minsc  Op. 
150 
105 
90 
60 
45 

260 
260 
260 
260 
.260 

Tensile 
#/sq,in. 
1250 
1090 
565 
765 

1420 

Elong, 

750 
715 
650 
725 
650 

Acetone Precipitated 
Resins 

2.8 
2.8 
7.5 
2.5 
2.9 

Time: Temp, Tensile 
Mirs :  °F. :^/sq.irl. 
4b 
30 
30 
30 
45 

260 
260 
260 
260 
260 

1470 
1770 
1210 
1160 
1270 

Elongation 
/o 

700 
700 
700 
650 
700 

♦-Percent based on total weight. '■ C» 1-hour cycle - .int&rraittant solvent drainage. 
T= 30S-9OE » 30 gallons solvent, 90 gallons extract. 



II-TÁBLE XV 

Exp. 
Ko. Type of Mill 

Mill 
Screen 

Knife cutter: I/I6 
I/I6 
I/I6 
1/16 

S CREM AîlâLYSIS-% PASSEI) THROUGH 
Density ;   100    :     8C :     60 
if/cu,  ft. !  Mesh :  Mesh :   Ilesh 

24.1       ¡ Î     4.15:   5.5 :   9.9 
27.73     . !     6.42:  8.62 :16.8 
29.1      ,! ¡     8.76:10.4 :16.2 
24.3       ! ,     5.57:   7.07 :12.64 

40 
Mesh 

20 
îlesh 

Wt.  of 
Charge 

#'s Total 
% 

Moisture 
25 
26 
27 
29 

25 
26 
27 
29 

25 
26 
27 
29 

25 
26 
27 
29 

11 11 

It " It 

30.1 
45.5 
39.0 
35.1 

93.0 
97.5 
96.5 
93.9 

67.5 
70.0 
69.0 
68.0 

7,96 
8.56 
8.68 
8.88 

JX CETONE EXTR/VCTION SEÎiZOL '. EJLTRíiCTION 
Solv.  in 

ÎExtractor 
Át top 
IT   n 

Time :  Rate  :Temp.s  Press.  :Solv. in Line líate : Temp,; Press.   :Anti- 
Hours;Gals./Hr.;     F.   ; ^'s/sg. in. ;lijc tractor;   iioiu's   ;Gals./ Hr.:  °F.   {#'s/sq.in. ;oxidant 
"24     :30S-90E ^': 162   :       20.5 
36     1       60 : 144  : .   23,5 
36     :       60 : 156  :       21.5 

At Bottom: 19-|-3Nî       60 t 150  :       16 

At top 
I»  II 

30 
24 
24 

At Button 22-2N t 

3OS-90SÏ : 
50 
50 
50 

188 
188 
148 
143 

24       ¿JZF 
23.5 íFlectolH 
21"" 
6       :       "       " 

Acetone 
Resins:Resins 
Lbs. : % 

10.25: 
10.75: 
10.2 : 
10.2 : 

15.4 
14.8 
15.0 

SINGLE CELL EXTRaCTIOW RESIÍLTS 

to!. Ext.: Tot. S Ids.*: 
Gals. :Gms/cc, 

Benzol 

2.72 : .1070 
2,11 : .1450 
1.05 : .1965 
2.59 : ,1170 

rResinsî Rubber 
%  * :#'s Crude 

23.67: 
6.85: 
4.95: 
14.2 

2.43 
2.556 
1.72 
2,53 

Rubber 
^'s Resin-free 

1.85 
2.38. 
1.835 
a. 17 

Crude B 
Extra 

Titr. 
c.c. 

enzol;Q P T  I M U M      V U'L C A M  Í Z A T  I 0 N      A H D 

:RKW IîaTERlAÏ7~ 
 tAnalytical EJŒT 

Yield  :Acetone: Benzol 
/a   ^ % * 

2.74   :   14.31   : ÍÜT 
3.40  :  13.26  : 5,37 
2.37  :   10.73  : 5.06 
5.19  :   15.7,   : 4.60 
TESTING 

Efficiency 

of 
Extraction 

63.6 
63.2 
46.7 
69,4 

D A TA 

LTiîPRiiCIPITATED 

4.50 
4,45 
4,55 
4.45 

et 
Vis.:   Time:  Tenç.:ïensile 
c.p.:  Minsrf     °F.   ;^-V^sq.Jn. 
T68Ü¡ 75 Í  260  .:   1820 
.703: 30 :   260    :   1500 
,692: 15 î^eO     :   1560 
.683: 45 :• 260  ':  1550 

Elorig. 

750 
775 
750 
725 

ACET-niJE PREGI]^ITATED 

Resins :   Time:   Terip.  Tensile 
iSÍ 
/o îlms.î     °F. 

2.2 
0.7 
1.3 
1.5 

30 
45 
30 
50 

: 260 
: 260 
: 260 
: 260 

^/sq.in. 
2020 
1660 
1420 
1420 

Elongation 

750 
700 
700 
700 

*--Percent bas 
N=0vernight  s 

ed on total weight» 
oaking* 

T 30S-90E = 30 gallons solvent; 90 gallons extract. 
I 

to 
en 



II-TABLE XVI 

No. 
30 
31 

50 
31 

30 
31 

30 
31 

Type  of lull 
Knife cutter 

ti ti 

Mill 
Screen 

1/16 

SCREEN AKAÎYSIS-?^ PASSED THROUGH 
Density     :   100 
#/cu.  ft.:  Mesh 

80 
Mes!. 

25.6 
35.4 

:   5.15 
:14.7 

:   7.06 
:20,0 

60 
Mesh 

40 
Mesh 

Ift.  of 
Charge 20 

Hesh   :#'s  Total 
14.12: 
28.5   : 

39.8 
94.5 

!   95.2 
¡lOO.O 

64.5 
70.0 

iloisture 

I 

8.39 
6.91 

TCETOKE    EXTRACTION BENZOL 

;Solv,in : Time : Rate ! 
«.Extractor; Hours ; G>/Hr,; 
: At Bottcm Z^-Zll ; 6Ö i 
. '^   "   16è-2N:  60 

"tSolv.   in Temp*:     Press• 
^Y.   :#^s/sq/in.'.Extractor: 

Y" :At  Bottom: 136 
124 

Time 
Hours 

24-4N 
19-2ÎI 

;Rate : Temp* 
EKTRACTIQM  

Press«  : Anti- 
^s/sq♦in.: oxidant ;fl./Hn: ^F. 

50 
T5Ü^ 
152 

8,5 
13*5 

iFleotol H 
I!      tl 

SÎNGLB €ELL SXTR/vGTIOH RESULTS' :i{AW îlAîi3iIAL 

Acetone 
 — — g^2;ol : Analytical  Exfc. 

ResinsîResihst- Voli-;Tot.Slds.-Resins;  Rubber' ~       RÏÏbbS?       TYTeld-: Acetone : Benzol 
Lbs.   :    %      t  Bxtr.  ,Gms/cc.     :    % *  -.TT'S Crude:#'Resin-free-, >, *     :    >» *     : /» * 

.   Gals. 

11.75: 18.1 
.12,0 : 17..2 

2.50 
4.46 

.1390 

.1350 
7.25 
3.50 

2.95 
5.03 

2.73 
4.85 

4.17 
6.93 

17.3 
16.3 

6.46 
6.90 

Efficiency 
of 

Extraction 

64.6 
100.2 

Crude Benzol;0 P T I M ÏÏ M^      ^ 
Extract  • :. _.. PnRKAÇi^îi&î®^ -'- 

Titr>:  Vis.:  Timo:   Temp«:Tensile:   Elong 

VULCAH  iZAT  ION      A II D      TEST 
~Acetona Precipitated 

I N G      DATA 

G.C. c./pv -.Mine ^F. 'sq.m.: 

-4 ■. 5 5 : 
4.40: 

.-716.   3Ö 

.695:   30 
260 
260 

.1210 
121Ö 

"7ÜÖ" 
700 

Resins; 

%       ■ 

1,4 
0.9 

Tirae: 
HiTB. : 

45 
45 

Tenp.  Tensile 
°F.   ;#/sq.in. 

—260' 
260 

1290 
1290 

Elongation 

Töü" 
650 

tn=»Percent based on total weight. N= Overnight soaking. 



ÎI-TABLE XVII 

Exp# 
No. TypeofMill 

Mill  : Density- 
Screen i  #/cu. ft,; 
1/^ 
1/32 
1/32 
1/16 

SCREEN ANAÎYSIS-7. PASSED THROUGH ;  Wt.~öf 
TÜÜ    î     80"   :     60     :     40     •     20     :   Charge 
Mesh  ;  Mesh  ;  Mesh  ;  Mesh  ;  Mesh  ;#<s  Total Moisture 

33 Ï 
34 : 
35 I 

Hammer ^3775 :   8.4 :   8.9 : 46.1 : 96.0 :   99.8   : 100.0 
37.5 :   8.4 :   8,9 : 46.1 : 96.0  :   99.8  : 80.0 
33.7 :40.7 -.47.5 : 72.8 : 98.8  :100.0  : 90.0. 
32.6 jl5.7 :19.4 : 30.7 : 72.7  :   99.8   : 80.0 

ACETONE EXTRACTION 

6.60 
6.60 
8*92 
9.99 

jSply, in : 
íExtractor: 

Time-  : Rate iTemp, 
Hours  tG./Hr.; °F. 

"eü" 
60 
60 
60 

TW 
t   132 
Î 135 
Î 135 

Press, 
•^'s/sq.in. 

BENZOL EJCTPJiCTION 
Solv. in : 
Extractori 

Time 
Hours 

Rate :Tenip, 

12-2 N 
12-2 N 
16-2 N 
16-2 N 

¡G./Hr.! F. 

145 
150 
155 

Press 
m. 

T 
9 
8 

11 

Anti-• 
oxidant 
FlectolH 

n    It 

«I    II 35 

32 lAt Bottom: 16-2 N 
33 :"'  , "  : 12-2 N 
34 i"    "  : 16-1 N 

16-i N 

9 
10 
10 
10 

At Bottom; 
II II  , 

II ri  . 

.It "      '. 

50 
50 
50 
50 

32 
33 
34 
35 

• • SINGLE CELL EXTRACTION RESULTS ": RAW MATERIAL 
1  Acetone Benzol :Analytical Exfc, rSfficiency 
»Resins:Resins :Vol.Ext.' !Tot»Slds.:Resins: Rubber Rubber :Yield:Ac6tone:Benzol of 
t  Lbs.-. : % : Gals,  ! Gms/cc. . '.  % *    »T^'s Crude- '4' Resin-free: ;-i * : % *     :  fo * :.Ex traction 

t   16,5 ! 16,5 :  3.91  ! ,  .1387 : 14.8 :  4,53  j 3.86 : 3.86: 15.8  : 5.59 :  68¿Q 
: 13w5. : 16.9 :  3.29  ! .  .1570  :  4.3 :  4.31  ! 4.12 : 5.15: 15.8  : 5.59 :  92.^ 

Í 13,9 : 15.5 :  3.83  t !  ,1370  ;  6.7 :  4,38 4.09 : 4,54: 14,2  : 5,65 :  80.3 

: 10,75: 13.5 :  3.30 ! ,0870 : 16,4 :  2.40  : 2.01 : 2.51: 11.3  : 2,79 90.0 

: Crude Benzol;0 P T I M U M      VULCANIZATION      AND      TESTING      DATA 
:  Extract  : Unprecipitated Acetone Precipitated 
: Titr*: Vis.: Time ; Temp.:Tensile! , Elong,: Resins: Time: Tera.p,: Tensile ! Ei ongation 
: c.c» Î c.p.: Minsk: °P. :#/sq.Jn.! .  %      :  % :Mins.:  °F. :#/sq. in.i % 

32 : 4.50 ; .681: 4S : 260  ;  800 i !  750 ,  3.S ; 45  : ■ 26Ô :  1115  '■ 700 
33 : 4.60 ; .690: 45 : 260 ; 1210 ! :  700  :  1.8 : 45  s  260 :  1300  4 700 
34 :■ 4,45 ; ,687: 60 : 260  j 1460  ; !  650  :  1.8 : 60  :  260 :  1680 675 
35 : 4.45 : .682: 60 ! 260 : 1460  j !  675  :  2.4 : 45  :  260 :  1510 650 

^^Perceivt based on total weightt N= Ovarmght soaking« 

h^ 

to 
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Conclusions: From the results obtained for these 35 single cell ex- 
périmants it is evident that the most important factor affecting 
extractability of the resins and rubber was the fineness of grinding of 
the goldenrod leaf material. Grinding or disintegration of the golden- 
rod leaf material must be sufficiently extensive to expose all rubber^ 
containing cells to solvent action. The variation of any other opera- 
ting conditions such as rate and direction of solvent flow, intermittant 
solvent drainage, elevated temperatures, and longer extraction cycles 
had considerably less effect on the completeness of extraction* In the 
order of their effectiveness the variable conditions for extraction can 
be listed as follows: (1) fineness of grinding^ (2) temperature of 
material in extractor during extraction; (3) time of extraction cycles; 
(4) rate of solvent flow to extractors• 

For the operation of the extraction process on a large scale it was 
concluded that the following conditions should be adopted:  (l) the fine*^ 
ness of grinding should be such that 9Cfoto 95^ of the material passes 
through a 40 mesh screen, and 4Qiito 50fo  through a 60 mesh screen; (2) 
upward flow of sfolvent through the extractor should be used because it 
minimizes channelling, packing, and aids in the extraction of finer 
material since there is less resistance to the movement of the solvent 
through the extractor; (3) for both the acetone and benzol extractions 
the temperature of the material diiring extraction should be held.not 
lower than lO^to 15^ F. below the boiling point of the solvent, nor is 
it necessary to maintain the temperature much higher than the boiling 
point of the solvents; (4) the rate of solvent to the extractor for 
both the acetone and benzol extraction should be maintained at the rate 
of one gallon per hour per pound of material in the extractor; (5) al- 
though for some of the experiments conducted continuous acetone extrac- 
tion for as long as 36 hours was necessary to obtain a very low resin 
content in the benzol extract, there is sufficient evidence to warrant 
the use of an acetone extraction period of twelve continuous hours, 
provided that a very good grade of leaf material is available. For 
some cases, depending upon the grade of goldenrod material used for ex- 
traction, it may be necessary to purify the product by acetone precipi- 
^tation to reduce the resin content if the material is only acetone ex- 
tracted for 12 hours* (6) the benzol extraction time should not be 
longer than 12 continuous hours because extending the benzol extraction 
tiïne any longer than this period yields very little additional rubber 
and only increases the percent of resins present in the benzol extract« 

Although the lots of goldenrod leaves which were considered to be 
the better part of the 1942 crop v/ere used for the earlier experiments, 
there is a possibility that the goldenrod leaves might have undergone 
some deteriorating changes during storage over several months. A more 
comprehensive study must be made in the futixre to determine definitely 
whether the observed poorer quality of the last batches of rubber pro- 
duced in these experiments was due to deterioration in storage, or to 
initially lower grade leaf material available for the later experiments* 
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The results of microscopic examination of representative samples of 
residue fairly accurately indicated the percent rubber left in the resi- 
due after extraction.  In general where the efficiency of extraction was 
between 90^ and 100^ no appreciable amount of rubber vre^s  detected in the 
residue, and where poor efficiency of extraction was obtained, micro- 
scopic analysis indicated a large quantity of rubber still present in the 
extracted material.  It can be concluded that this method of examining the 
residue for rubber content is a fairly accurate one for estimating the 
completeness of extraction of the goldenrod leaf material. 
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III-PILOT PIANT OPERATIONS 
■ 1MIIII um m ■w'Miiiié w»< rtm >i mi .mi wm «w  »niiiin m i ii«# 

In the pilot plant wing of the Southern Regional Research Laboratory 
there was available an eight-cell extraction battery previously used for 
solvent extraction of oil from cottonseed and peanut meal and cake« The 
individual extractors in this batoöry were made of 12" diameter steel pipa 
about five feet high, holding about 100 pounds of cottonseed or peanut 
meal each. 

The design of this extraction battery was based largely upon existing 
industrial installations extracting rosin, turpentine, and similar Tiate- 
rials from pine stumps. The total-capacity of all these pine stump 
extraction plants is about 4500 tons per 24 hours• 

During 1942 and for some time later these pine stijimp extractors were 
not being operated at full capacity for a number of reasons. A portion 
of their extensive capacity T;^S therefore considered available for ex- 
tracting rubber from goldenród should a suitable solvent process be 
developed» 

Preliminary results from laboratory determinations and single cell 
extractions showed that the rubber in goldenrod coxaldbe satisfactorily 
extracted and processed to a procured form, eas;/ to handle and suitable 
for vulcanization.  In order to develop the process to a larger scale 
from the single cell extraction system and to obtain information con- 
cerning the suitability of the acetone'^benzol extraction process for 
large-scale plant production, the eight-cell pilot plant extraction 
battery was redesigned, modified, and operated at the Southern Regional 
Research Laboratory over a period of seven months. Approximately 850 
pounds of goldenrod rubber were produced* 

Before discussing the equipment and process used in the pilot plant 
it should be pointed out that fiirther development of the pilot plant 
two-^solvent extraction process was necessary. Based on the results 
obtained from the extractions of 1942 leaf material (Section II - Single- 
Cell Runs 5-35), it v/as originally decided to start extracting the golden- 
rod material from 1943 general harvest in the eight-cell extraction 
battery, using a continuous acetone extraction for 12 hours, followed by 
a continuous benzol extraction for 12 hours. The result of initial 
operations, extracting over 12,000 pounds of 1943 goldenrod material,by 
means of this procedure, was that a yield of rubber, on a resin-free 
basis,of only l»36^í was obtained; and the average resin content of the 
benzol rubber solution was 1B%  to 20^* The weighted average analysis of 
the 12,000 pounds of material T/vas only \éSl% benZrOl extract on total 
weight basis, and hence the overall efficiency of extraction was 73>oé 
Several attempts were made to procure, compoimd, and vivlcanize some of 
this high resin content rubber, but the resulting product i/vas inferior 
in quality. Previous laboratory experiments-had shpwn.that tensile 
strength and other properties of the rubber are adversely affected by 
resin contents in excess of b%. 

over 
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Unfortunately, the bale shipments of 1943 goldenrod material, as well 
as the two carloads of ground material packed in paper bags shipped from 
Waynesboro, Georgia, contained very little leaf material.  In fact, the 
average 1943 goldenrod material from General Harvest contained only 20^ 
to 2b%  leaf material. ,The rubber is found only in the leaves. The balance, 
75% to 80;^, was made up of stems, tvj-igs, bloom, and seed.  Since the 
goldenrod material contained only 2(>/o to 25^0 of leaf material, it is obvious 
why such a low yield of rubber v\ras obtained* Also the inclusion of the 
large percentages of stems, seed, stalk, and bloom in the material used 
for extraction resulted in a resin content of the benzol rubber solution 
considerably higher than that obtained from pure leaf material extracted 
under similar conditions the previous year« 

The goldenrod material used for the extraction during the early stages 
of the operation of the eight-cell extraction battery i^s reprocessed with 
an air-box type of separator ivhich removed a large percentage of large 
stems and stalks.  The processed iraterial was ground in a hammer mill with 
1" hammers, and l/l6" hales in the screen plate» 

Since all the ground goldenrod material shipped in paper bags from 
Waynesboro, Georgia, had a rubber content of 1%  to 2%,  and contained only 
ZOfo  to 25%  leaf material, steps had to be taken to obtain a higher rubber 
content in the material used for extraction and to reduce the resin 
conten.t in the concentrated rubber solution. The former y^as accomplished 
by the use of a screening procedure developed at the Southern Regional 
Research Laboratory, and the latter by reducing the resin content in the 
benzol rubber solution by means of an acetone precipitation. 

The screening procedure is described in detail in Section VII»  The 
screening process provided a fraction which was about ^2%  by weight of 
the original imterial, considerably richer in rubber content than the 
unscreened imterial.  The rubber content of the unscreened material ranged 
somewhat over 1% while that of the screened fraction was 2*4^ to 2.9^. 
The balance of the processing in the pilot plant, with the exception of 
such special lots as ensilage and retted, was performed with this 
screened fraction used as raw raterial for the extraction process» 

The acetone precipitation procedure IA,^S developed by laboratory 
experiments (Section XIl), and v;as adopted as a step in'the pilot plant 
process for' reducing the resin content of the benzol rubber solution 
obtained in the extraction process.  This step in the process is fully 
described and discussed in a later part of this Section. 

A simplified flow chart of the pilot plant process used is presented 
in Ill-Figure 1. This shows, in schematic form, the flow of goldenrod 
plant material, acetone and benzol; the methods used in handling acetone 
and benzol miscellae; the recovery of resins and rubber from the 
miscellae; the recovery, fractionatioñ, and return of the solvents to the 
extraction process;-the precipitation and purification of the rubber 
solution; the solution compounding operations; and the final preparation 
of precured rubber. 
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Some of the more important data on quantities, concentrations, yields, 
and sizes of batches are also given. A careful study of the simplified 
flow chart will be of- considerable benefit in ooinprehending the detailed 
flow chart. III Figure 2. 

In the detailed flow Chart III, Figure 2, an attempt has been nmde to 
present as far as possible all of the detailed operations. The arrange- 
ment of the chart followed from a desire to hare everything on a single 
page, convenient for binding in tlte final report. 

The interconnecting flow lines show the flow of the solvent used and 
the extract produced in the process. The c}».rt is not drawn to scale 
and actually some of the equipment is at an elevation higher or lovirer 
than designated on the chart. 

FLOW CHA.RT KEY 

The following tabulation is a key to the numbers used to designate thé 
equipment shown in the flo;v chart (lil-Fig. 2)» 

Extraction Battery of Eight Cells 
Acetone Recovery and Recirculation Unit 

Number 
Ï - 8 

9 
10 

(P- 

(P- 
11 

12 

13 
14 

15 

16 
17 

18 

0) 

1) 

Individual extraction units« 
Underground tank for storage of large quantities of acetone. 
Solvent storage tank for supplying acetone to extractors« 
Motor pump arrangeniönt for draining an extractor at the 
completion of acetone extraction* 

Motor pump arrahgement for delivery of acetone to extractors« 
Orifice flow meter" for measuring rate of flow of acetone to 
extractors. 

Heat exchanger for automatically controlling temperature of 
acetone pumped to the extractors« 
Surge tank between extractors and stills for acetone misoella, 
Acetone evaporator for first stage of concentration of ace- 
tone miscella. 

Acetone evaporator for'second stage of concentra-tion of ace«* 
tone miscella. 

Acetone still for final concentration of acetone extract♦ 
Condenser and after coolers for recovery of acetone from 
evaporators and still« 

Î Distillate receiver« 

Benzol Recovery and Recirculation System 

19 
20 

(P-2) 

Underground benzol storage tank« 
Solvent storage tanks for supplying benzol to extraction 
system« 

Motor pump arrangement for pumping benzol to extractors« 
over 
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21 
22 

23 

24 
25 
26 

27 

28 

29 
30 
31 
32 
33 

34 
35 

(P-3) 

(P-4) 

(P-5) 

Orifice flowmeter for measuring rate of benzol to extractors« 
Heat exchanger for automatically controlling temperat\ire of 
benzol to extractors» 
Intermediate storage tank for benzol miscella. 
Motor pump arrangement for pumping miscella from intermediate 
storage tank to surge tank» 

Filter. 
Surge tank for holding benzol miscella. 
Evaporator for first stage of concentration of benzol 
miscella. 
Condenser and after cooler for recovery of benzol distilled 
from evaporator» 

Motor pump arrangement for pumping benzol miscella from 
evaporator to storage» 

Rotometer for measuring rate of flow of miscella from benzol 
evaporator» 

Storage tank for benzol miscella from first evaporator» 
Benzol still for final concentration of benzol miscella. 
Condenser and after cooler for recovery of benzol still» 
Storage tanks for crude concentrated benzol miscella. 
Condenser and separator for recovery of benzol from the 
steaming-out of the extractors» 

Sump tank» 
Separator used for reclaiming benzol from sump tank» 
Motor pump arrangement for draining extractor at end of 
benzol extraction, and also used for pumping benzol-water 
mixtures to separator from sump tank» 

Precipitation, Settling, and Solvent Recovery Unit 

(P-6) 

S6 
37 

{P-7) 

38 
39 
40 
41 
42 

Motor pump arrangement for pi;imping concentrated benzol 
miscella to precipitation tank for circulation of crude 
benzol miscella, and for transferring precipitated and 
purified rubber solution from settling tanks to storage 
tanks for the procuring process» 

Precipitation tank with motor-driven stirrer» 
Î Acetone-benzol-resins-storage tanks» 
Motor pump arrangement for pumping acetone-benzol-resin 
mixtures from first storage tank to second storage tank • 
Still for distilling acetone-benzol mixture from resins» 
Condenser for still (38)» 
Storage tank for distillate from condenser» 
Settling tank for .precipitated and purified rubber solution» 
"Bottoms" storage tank» 

Procuring Unit 

43 

44 
45 

(P-9) 
Storage tank for precipitated and purified rubber solution! 
Motor pump arrangement for circulating precipitated and 
purified rubber solution* 
Chemical mixing tank»  ■   ' 
Condenser for mixing tank« 
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46 
47 
48 
49 

(P-8) 

Loomi? mixer* 
Condenser for solvent vapor from Loomis mixer. 
Vacuum receiver for distillate» 
Distillate storage tank» 
Motor pump arrangement for transferring distillate-from 
receiver to storage tank, and for transferring distillate 
to be redistilled in still (38)• 

Fractionation Unit 

50 
51 
52 
53 
54 
55 
56 
57 

(P-10) 
(P-11) 
(P-12) 
(P-13) 

Storage tanks, for acetone-benzol mixtures to be fractionated, 
No« 1 acetone-benzol fractionation column» 
Rebeller for Column No» 1# 
Condenser for Column No» 1» 
No, 2 acetone-benzol fractionation. oolumn» 
Reboiler for Column No» 2» 
Condenser for Column No» 2» 
Cooler for fractionated benzol from reboilers. 
Feed pump from Column No# !• 
Benzol cut (bottoms) pump for Column No» 1» 
Benzol cut (bottoms) pump for Column No» 2» 
Feed pump for Column No» 2» 

For producing a precured rubber from the ground goldenrod material, the 
operating steps conducted in the pilot plant system were:  (1) the 
removal of most of the resiniferous conponents in'the goldenrod material 
by means of an acetone extraction; (2) production of a concentrated 
benzol miscella containing the rubber, together vdth a high percentage of 
resiniferous material; (3) precipitation of the rubber from the benzol 
miscella to reduce its resin content to a minimum; (4) redissolving the 
pixrified and precipitated rubber in benzol and processing this rubber 
solution to a precured form which could be easily vulcanized.  In addi- 
tion, provision ^vas made for fractionating mixtures of acetone-benzol, 
accumulated during operation of the system, into relatively pure individ- 
ual components. For performing the above operations, the pilot plant 
system contained the follo\ving units which are clearly indicated on 
the flow chart given in Ill-Fig. 2:  (1) extraction battery of eight 
cells; (2) acetone recovery and recirculation unit; (3) benzol recovery 
and recirculation unit; (4) precipitation, settling, and solvent recovery 
unit; (5) precuring unit; (6) fractionation unit. 

The capacity of the pilot plant system was originally based on the 
volumetric capacity of the existing battery of eight extractors previ- 
ously described. Modification of procedure and variation in the compo- 
sition of the ground material decreased the capacity of the plant from 
the standpoint of rubber production» However, the pilot plant sysitem as 
finally operated handled 600 poimds of ground goldenrod plant material per 
24 hour day, or 3000 pounds per v/eek of 120 hours» 

The entire pilot plant occupied a space measuring 64^ long x 25* wide, 
parts of which were three stories high. Most of the extraction equipment 

over ^ 
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was located on the ground floor with the exception of the benzol still 
and concentrated benzol extract storage tanks which were located on a 
third floor balcony and a second floor balcony respectively.  The majority 
of the precipitation equipment ivas located on the second floor balcony 
with the exception of the settling tank which was on the first floor 
balcony» The entire precuring unit ivas located on the ground floor adja- 
cent to the extraction system, >A fev/ photographs of the pilot plant are 
included» 

The Extraction Battery of Bight Identical Cells (Flow Charts Nos» 1 
through 8) •  The tj^pa of extractor used in the extraction battery is 
illustrated in Section II, Figure 11,  The size, shape, and general 
dimensions of the extractor are indicated on this drawing«  The body of 
the extractor was made from a section of standard 12*^ steel pipe. At one 
end, as a top, was welded a 12" welding neck flange, and at the other end 
was welded a standard welding cap for a bottom. A side opening with 
rectangular cover plate vjas provided for unloading the extractor* Load- 
ing was done through the top of the extractor.  To facilitate loading and 
unloading of the extractor, both top and side cover plates were complete- 
ly removable.  These plates were securely fastened to the.extractor by 
means of 3/4'^ nuts and bolts. A gasket made from l/8" vegetable fiber 
gasket material (Pac-oil) Wds  inserted between the flanged face openings 
and the cover plates.  In this vmy these openings were made vapor tight 
during extraction» 

The solvents  flov/ed up-^mrds thro^^gh the extractor during- the extrac- 
tion process, and the extractor, at the end of both the acetone and benzol 
extraction cycles, ims drained. Hence provisions were made to prevent 
any of the ground material from getting out of the extractor.  This was 
accomplished hy  placing a rem.ovable filter at the top and bottom «f the 
extractor. After the completion of every extraction these filters were 
removed from the extractor, thoroughly cleaned with water and ateam, and 
dried before they were  reused. 

The top and bottom filter arrangements are shown in Section II, Fig» 
11.  The top filter consisted of an outer frame, measuring 12" x 10", 
made from 1/2" pipe. Welded on both sides of the frame -was  l/2" heavy 
wire mesh screen.  On the inner side of the pipe frame v/ere several 1/4" 
holes through which the filtered miscelia left the extractor.  The 
entire frame was covered with St^rle 145CH filter cloth made to conform 
to the shape of the frame.  The bottom filter v/as a circular frame which 
was' cut out of 1/2" heavy wire mesh screen similarly covered.  In addi- 
tion to this filter, cotton was tamped around the inside wall of the 
extractor and on top of this was inserted a 12" ring w^hich held the 
whole bottom filter arrangement in place» 

Eight such extractors as the one described above composed the battery 
of extractors used for the goldenrod rubber pilot plant system. 

The extractors were arranged in a single row, with their side open- 
ings all facing the outer side of the pilot plant system.  On the 
opposite side (called inner side) all valves and manifold lines were 
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III.     Pie.  3»     General triew of Pilot Plant (except «poer floor). 



III.  Fig. 4. Upper floor of Pilot Plant. 
Left -Benaol Still for final concentration of Benzol Miscella. 
Center - Precipitation Tank« 
Backgrormd - Evaporator for distilling acetone-benzol 
mixtures from resins. 



III. Fig. 5. East End of Pilot Plant. Acetone stills at 
extreme left - fractionation columns in background - 
extractors 5 to 8 at right. 



III. Fig, 6, Chemical Mixing and Precuring Installation, 



located.  Since the extractors were charged v/ith imterial through the 
top, and the residue left after extraction was unloaded through the side 
opening in the extractor, the outer side was cleared of all equipment 
which might cause inconvenience in loading and unloading of the ex- 
tractors.  Because the tops of the extractors Yiere  seven feet above' the ,. 
floor, a plati"orm.5^ 6^^ high extended the full length of the bank of 
the extractors along the outer side, for convenience in loading and un- 
loading« 

Seven manifold lines extended across the length of the bank of ex- 
tractors on the inner side, and from top to bottom, the order of these 
lines was as follows:  (1) steamed-out benzol line; (2) benzol 
miscella; (o) acetone miscella; (4) benzol solvent; (5) acetone solvent; 
(6) acetone drain; (?) benzol drain.  Each extractor vms  connected to 
all seven manifold lines. All valves, fittings, and interconnecting 
pipe lines were 3/4^' in size and of black iron construction*  To and 
from each extractor, as indicated on the flow chart, necessary'pipe 
connections were made and valves installed for placing any of the ■ 
eight extractors as the first, intermediate, or last extractor in either 
the acetone or benzol cycle, and for filling, draining, venting, and 
steamâng out an extractor.  In the interconnecting line between ex^ 
tractors a 3/4'^ flovf glass was placed for observing the liquid flox^J- from 
one extractor to another^ 

Description of Equipment in the Acetone Recover^r and Reciroulation Unit 

Floi/y Chart ITo. 9.    Underground storage tank.  Capacity 1000 gallons• 
DiamiOter 5' 0''.  Length 6' 0".  Buried underground adjacent to identical 
tank used for benzol storage.  Constructed from l/4" iron plate; welded 
construction used.  Suction and discharge pipe connected this tank vdth 
acetone system. 

Flow Chart Ho. I'O,  Solvent storage tanks in acetone circle.  Two identi- 
cal tanks'were used for this purpose»  Capacity 60 gallons. Diam.etor 
1^ 2", height 5^ 0".  Fabricated from 14 gage iron, welded construction 
used, and galvanized both inside and outside, llounted on 18'' l^^^ig legs, 
and equipped with calibrated level gages. 

Flow Chart Uo. (p-^1). Motor pump arrangement for pumping acetone to ox- 
tractors. Hom^ted on suitable base, a small spur gear pum.p, operated 
at variable speed by means of variable speed changes, driven, by frac-..;. 
tional horsepower, A^C.^ explosion-proof motor.  V-belts used for 
transmitting power from m.otor to speed reducer and from speed reducer to 
pump.  Speed range from. 400 r^p.m.. to 900 r.p.m.  Capacity up to 300 
gallons per hour.  In addition to pumping acetone to extractors, this 
pum.p was used to draw acetone from imdorground storage, and to deliver 
acetone to precipitation system* 

Flow Chart No. (P-0), Motor pump arrangement for draining extractors 
at end of acetone extraction.  llounted on a suitable base, a small 
spur gear pump.  Operated at constant speed (below 900 r^p^m,). Driven 

over 
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by fractional horsepower, A. C, explosion-proof motor, V-belt drive 
between motor and pump.  Capacity 120 gallons per hour* 

Flow Chart No« 11.  Orifice flowmeter for measuring the rate of flov/ of 
acetone to extractors.  This flov\mieter was located in the acetone solvent 
line to extractors, with pressure points on both sides of orifice plate 
connected to ends of a mercury manometer•  The scale on the manometer was 
calibrated in gallons per hour, and the meter had an operating range of 
0 to 130 gallons per hour. Rate was manually controlled by 3/8'* needle 
valve located in solvent line before orifice plate. A spring loaded 
relief valve prevented overloading the pump motor. 

Flow Chart llo. 12.  Heat exchanger for automatically heating acetone 
pumped to extractors•  Heat exchanger ^vas located in solvent line between 
acetone pump and extractors.  Type - single pass, double pipe heat 
exchanger. Measurements - length 5»-0", inside pipe 3/4", outside pipe 
1-1/4'\ 25 pounds steam used as a source of heat.  Temperature autcmati- 
cally controlled by means of bellows type temperature regulator.  The 
element of the regulator 'V^JS-S placed in contact with heated solvent and 
actuated the valve controlling the steam to heat exchanger. A tempera- 
ture recorder v/as used to indicate the temperature of the acetone before 
it entered the first extractor in the acetone cycle. 

Flow Chart Noo 13.  Surge tank between extractor and stills for storage 
of acetone miscella..  Capacitjr 40 gallons. Diameter l'-2"r Height 5»-0". 
Mounted vertically above extractors.  Fabricated from 14 gage iron, welded 
construction, galvanized inside and outside, and equipped with calibrated 
level gages. 

Evaporators and Stills. Condensers and Coolers for Concentrating Acetone 
Miscella by Means ôTl^y-aporatXon of Acatone'^W:fricH^/as Cond'ëns'êT'Tor Re'^!^^ 
use.  Two evaporators and one still were used to concentrate™he acetone 
miscella from the extractors.  These three pieces of equipment were 
operated in series and their total evaporative capacity was between 100 
and 120 gallons per hour of acetone. 

The evo^porators and still were fabricated from sections of 14 gage 
range boilers, and welded construction was used. 

Flow Chart Noe 14.  First evaporator. Height 5»-0'\ Diameter 14". 
Jacketed height 2—0".  Jacket diameter 18".  The evaporator was equipped 
with a calibrated level gage.  The evaporator held 8 to 10 gallons ef  ' 
extract during continuous operation and had an evaporative capacity of 
50 to 60 gallons per hour.  The light extra-ct from the extractors entered 
the evaporator near the top and tiie extract y^s given its first stage of 
concentration in this evaporator.  Through an overflow leg which m-fiintained 
a constant level of not less than six gallons of extract in the evaporator, 
the extract flowed by gravity into the second still for the second stage 
of concentration. 

Flow Chart No. 15.  Second evaporator.  Height 2'-0". Diameter l'-4". 
Jacket height I'-O".  Jacket diameter l«-6".  Operating capacity 8 gallons. 
Acetone evaporative capacity 30 to 40 gallons per hour. Steam heated 
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baffle coil inserted inside the evaporator near the top to prevent foaming» 
Side port holes with Pyrex glass covers were provided' for observing the 
boiling conditions within the evaporator* , The acetone miscella was given 
its second stage of concentration in this evaporator. The operating pres- 
sure of this evaporator was I-I/2 pounds per square inch higher than that 
for the still and the partially concentrated miscella could be forced 
through an interconnecting pipe line to the still for final concentration» 

Flow Chart No. 16, Still» Height 2»-0''. Diameter l'-4". Jacket height 
l^-O",   Jacket diameter 1^-6^^ During continuous operation the still 
held 8 to 10 gallons, and had an evaporative capacity of 20 to 30 gallons» 
A steam heated baffle coil was inserted inside the still near the top to 
prevent foaming. Port holes with Pyrex sight glasses were installed f#r 
observing the boiling of the contents of the still*  In this still final 
removal of the acetone from the resins was accomplished. A 1" gate valve 
was located at the bottom of this still for removing.the concentrated ; 
resiniferous material extracted. 

Flow Chart No. 17» A condenser and after cooler were provided for con- 
densing the distillate from each of .the two acetone evaporators and from 
the acetone still. All three condensers and after coolers were of identic- 
cal design and construction. The condenser v/as of the tube and shell 
type, and the outer shell made from a 3» section of standard .8'* pipe* 
The hairpin shaped tubes were made of l/2" standard pipe through which 
the cooling water passed. The after cooler v/as a single pass, double 
pipe type. The length of this after cooler -was 4^, the inner pipe 3/4^*, 
and the outer 1-1/4" in diameter. Connections for cooling water were so 
arranged that the condenser and after cooler could either be connected 
in series or in parallel. When connected in series, the cooling water 
first entered the after cooler and then passed through the condenser. 

Flow Chart No* 18* Distillate receiver» Diameter 14", height 2'-0", 
capacity 12 gallons. Made from section of 14 gf^ge range boiler, and 
fitted with calibrated level glass»  For condensing any vapors v/hicli 
might rise from the solvent in this receiver^ a vmter*-jacketed vent con- 
denser was. provided* The distillate from the three after coolers in the 
acetone evaporative system drained into a manifold line which was 
connected to this distillate receiver» From this receiver the acetone 
was recirculated to the extractors in the acetone cycle» 

Description of Equipment in Benzol Recovery and Recirculation.System 

Flow Chart No. 19. The benzol underground storage tank was identical to 
the acetone underground storage tank» Both were located outside the pilot 
plant* The two tanks rested horizontally on a «concrete slab which TOS • 
located approximately seven feet underground* The.tanks were anchored 
by means of 2" steel straps to the concrete slab.  For measuring the 
contents of these two tanks in gallons^ an air-aotuated, manometer type 
of tank gage "vvas provided.  Suction and discharge pipe lines, connected 
the underground benzol storage tank to the benzol solvent and recircula-». 
tion unit» 

over , 
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Flow Chart Ho« 2Q>  Solvent storage tanks« Four tanks were used for this 
purpose. Capacity of first two was 50 gallons each> diameter l^ 4",.and 
height 5^-0". The third had a capacity of 40 gallons, with a diameter of 
l'-2**, and height of S^-O^'*  The fourth held 30 gallons, was 12" in dia- 
meter, and 5'-0" high. All four tanks were constructed from 14 gage iron, 
with welded construction used„ and inside and outside surfaces v/ere heavily 
galvanized.  The tanks were mounted on 18" long legs and were fitted with 
calibrated level gages.  The two fifty gallon and the thirty gallon tanks • 
were used for the storage of benzol to and from the benzol extraction 
cycle.  In addition, these tanks received benzol from the fractionation 
system. .    *   ' 

The forty gallon storage tank \m.s  used for storage of benzol recovered 
from steaming out of an extractor. 

All four tanks were so connected that' solvent pumped from.the under- 
ground supply could be placed in any of the tanks. 

Flow Chart NQ.(P-2). Identical arrangement of motor and pump vja,s used for 
pumping benzol to extractors as was described (Flow Chart No. (P-1)) for 
pumping acetone to the extractors in the acetone cycle. 

Flow Chart Mo» 21. Orifice flov/meter for measuring rate of benzol to 
extractors« 

The meter was located in the benzol solvent line to extractors, and its 
construction mis  identical to the one used for measuring the rate of flow 
of acetone in the acetone cycle.  In addition to the orifice flov^eter, 
a rotameter was used to check solvent flow of benzol to extractors. 

Flow Chart No. 22. Heat exchanger for autoimtically controlling tempera- 
ture of benzol to extractors.  This heat exchanger ?/as located in the 
solvent line between benzol pump and extractors.  The heat exchanger was 
of the double pipe, single pass design, and measured 10' long.  The in-, 
side pipe through which the heated benzol flowed v/as ,3/4" in diameter 
and the outside pipe was l-l/4" in diameter.. Steam, at 25 poimd près*- 
sure, flowed between the two pipes and heated the solvent to the desired 
temperature.  The temperature v/as automatically controlled, by a bellows 
type regulator.  The element of the regulator was placed in contact with 
the heated benzol, and actuated the valve controlling the steam to the 
heat exchanger. A temperature recorder v/as used to indicate the tempera- 
ture of the benzol before it entered the extractor. 

Flow Chart No. 23.  Intermediate storage tank for benzol miscella.  Capac- 
ity 50 gallons, diameter 1» 4",  height 5»-0".  Fabricated"from-14-gagû 
iron, welded construction used, and galvanized inside and outside. 
Mounted vertically on 18" long legs, and equipped with calibrated level 
gages.  The benzol extract from the extractors flov/ed into this tank»' 
This tank was provided with two outlets.  One outlet was on the side of 
the tank 6" from the bottom, and the other in the center of the dished 
bottom of the tank. For the next step in the benzol cycle the miscella 
in this tank was withdra-\Am through the side outlet.  In this -tmy ,sufficient 
room was allowed for the settling of small particles of foreign matter 
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which might come over with" the misoella from the extractors. Through the 
bottom outlet, the contents of this intermediate tank (approxiimteXy six 
gallons) were periodically drained into a sump tank# In this way any 
settled material accumulated in the bottom of the tank ivas washed out into 
the sump tank. The recovering of the benzol transferred to the sump tank 
as a result of this procedure will be discussed under the functions of 
the sump tank. 

Flow Chart No, (P-3), Motor pump arrangement for pumping miscelia from 
intermediate benzol misoella tank through filter into benzol misoella 
surge tank. This unit consisted of a small spur gear pump operated at a 
constant speed (800 r,p,m,), mounted on a suitable base, and driven by a 
fractional horsepower, A, C,, explosion-proof motor. V-belt drive ivas 
provided between the motor and the pump.  Capacity^ of the unit v^s  120 
gallons per hour^ 

Flow Chart No, 24, Filter, The filter consisted of an iron pipe shell 
12" in diameter by 20" high, with a bolted top cover plate.  Inside the 
filter were two 8" x 16" filter frames covered with filter cloth. Each 
frame had an outlet through the top cover plate. The benzol misoella 
was pumped into the space between the shell and the filter frames, and 
passed out through the filter frames into the line to the benzol misoella 
surge tank. 

Flow Chart No, 25« Surge tank for holding feed to benzol evaporator. 
Capacity 50 gallons, diameter 1^ 4", height 5*--0'% fabricated from 14 
gage iron, welded construction used, and galvanized inside and outside. 
Equipped with calibrated level gages and mounted above benzol evaporator. 
The benzol misoella from the intermediate benzol misoella storage tank 
was pumped through a filter (Flow Chart No, 24) into this surge tank. 
Like the intermediate benzol misoella storage tank, this surge tank was 
provided with a bottom and a side outlet 6" from the bottom* The benzol 
misoella flowed out of the side outlet to the evaporator. Periodically 
the contents (about 6 gallons) of the surge tank were drained through 
the bottom outlet into the sump tank for removing any settled material 
which might have accumulate^d in the bottom. 

Flow Chart No, 26, Evaporator for first stage of concentration of 
benzol misoella. The concentration of the benzol misoella from the 
extractors v^s performed in two stages.  This evaporator (Flov^ Chart 
No, 26) ¥/as used for the first stage of concentration. The evaporator 
consisted of a single tube calandria constructed from a 6^ section of 
standard 8" pipe, jacketed to a height of 5^ by another section of 10" 
pipe. On the top there was mounted a 24" diameter dome.  Inside at the 
center of the dome was a baffle plate to control foaming. At the bottom 
of the calandria section was bolted a standard 4" cross, A four inch 
diameter return leg connected the baffle dome with the cross at the 
bottom of the evaporator so that circulation of the miscella inside the 
evaporator could be accomplished.  The evaporator was mounted.on three 
18" long legs, and the overall height was 9-1/2 feet. While in 
continuous operation, the evaporator held approximately 14 gallons «f 

over 
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miscella, and had an evaporative capacity of 75 to 90 gallons per hour 
when 25 pounds of steam were used to heat the jacket. The evaporator 
was fitted with a 4* length of  calibrated level gage glass. The misceïla 
feed to the evaporator entered at the bottom through a 3/4" pipe which 
extended 18" upwards inside the calandria tube. The partially*concen- 
trated benzol miscella was pumped from the bottom of the evaporator« 

The temperature of the vapor, and the pressure within the evaporator 
were measured by a recording thermometer and a compound pressure gage . 
respectively. 

Flow Chart No, 27,  Condenser and after cooler. • For* condensing the 
distilled benzol from the evaporator a condenser of'identical design to 
the ones used in the acetone system was mounted above the evaporator« 
The vapor pipe between the condenser and evaporator was 2" in diameter» 

For cooling the distillate from the condenser^' a 4-pass, double pipe 
cooler was installed. Each pass was 8* long, and the inner pipe, through 
which the distillate flowed, ?/as 3/4" in diameter, while the outer pipe 
was I-I/4" in diameter. The cooled distillate drained from this cooler 
directly into one of the four benzol storage tanks• 

The cooling v/ater first passed through the after cooler and then into 
the condenserf 

Flow Chart No, (P-4)f This is the motor pump arrangement for pumping 
the benzol miscella from evaporator to storage tank where it is held 
before final concentration. 

This small spur gear pump, operated at variable speed (400 to 900 r,p,m,) 
by means of speed reducer, driven by a fractional horsepower. A, C, 
explosion-proof type motor, Yms  arranged on a suitable base,  V-belt 
drive was provided between motor and reducer, and reducer and pump. 
Capacity up to 120 gallons per hour» 

Flow Chart No, 28»  In the line between the pump and storage tank a 
rotameter was installed for measuring the rate of flow of miscella pumped 
from the benzol evaporator for further concentration,    * .- ' 

Flow Chart No, 29, Storage tank for benzol miscella from evaporator. ; 
Capacity 65 -gallons, d'iameter l»-6", height 5'-0", fabricated from 14 
gage iron, v/elded construction used, and galvanized both inside and out- 
side. Equipped with calibrated level gage» Mounted above the benzol 
still» 

A 2" y-type strainer with a 100 mesh screen v/as installed in the line 
between the benzol miscella storage tank and the benzol still. 

Flow Chart NQ# 30»  Benzol still for final concentration of the benzol 
extract». The still consisted of a section of range boiler 14" in diam- 
eter by 5Î high, jacketed to a height of 18", equipped with calibrated 
level gages, vapor and liquid therm^ometer, and steam pressure gage, A 
steam heated baffle coil was inserted inside the still near the top t» 
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prevent excessive foaming during operation. Side port holes with Pyrex 
glasses were provided for observing boiling condition within the ..still» • 
The still y\ras fabricated from 14 gage, galvanized iron, welded construe-' 
tion used. During continuous operation, the still held eight gallons of 
miscella and had an evaporative capacity of 20 to 30 gallons per hour 
when steam at 25 pounds pressure Yms  supplied to the jacket of the still« 

Flow Chart Mo. 51> Condenser and after cooler.  The condenser for the 
above still was of the same design and construction as the one used for 
the benzol evaporator.  The after cooler was a single pass, double pipe . 
type made from standard black iron pipe« The length was 12*, the inside 
pipe was 3/4'' through which the distillate flowed, and the outside pipe 
was I-1/4". The cooling water first passed through tiie after cooler and 
then into the condenser« 

Flow Chart No. 32. Storage tank for benzol extract from benzo! still« 
Two identical tanks used for this purpose, each having a capacity of 40 
gallons, a diameter of 14'*, and a height of v5*.  Fabricated from 14 gage 
iron, welded construction used, and inside and ourside surfaces heavily , 
galvanized.  Both tanks vfere equipped vri.th calibrated level gages, and 
were vertically mounted on 18" long legs« Concentrated benzol miscella 
was stored in these two tanks until it could be purified by precipita- 
tion* 

Flow Chart IIo« 33« Condenser and separator for the recovery of benzol 
from steaming out of extractors« For condensing the benzol-water vapors 
from the extractor during the steaming out of the extractors at the end 
of the benzol cycle^ an 8-pass double pipe cooler v/as used« Each pass 
was 8* longi the inside pipe tms l-*l/4'^ in diameter through which the 
vapors and condensate flov/ed, and the outside pipe was 2" in diameter« 

The separator \ms  constructed from a 32/' section of standard 8'* pipe 
with a standard 8" flanged welding neck welded to the top end, and an 8'* 
welding cap welded to the bottom. A cover plate v/as bolted to the weld- 
ing neck flange. The water-benzol mixture from the condenser entered 
the separator at its middle; the water v/as removed from the bottom of 
the separator tlirough a l-l/4'^ diameter, adjustable overflow leg and 
the separated benzol flowed out of an outlet near the top of the separator 
into the 40 gallon benzol storage tank (Flow Chart No. 20)^ 

Flow Chart No. 34«  Sump tank.  Capacity 20 gallons, diameter 12'*, 
length 36", - horizontally mounted at an elevation below bottom of all 
benzol storage tanks so that the bottoms from these tanks could be drained 
into it«  Fabricated from 14 gage iron, welded construction used, and 
heavily galvanized on inside and outside surfaces.  In addition to the 
benzol storage tank, the intermediate' benzol miscella tank and the benzol 
miscella surge tank could be drained into this sump tank.  From this sump 
tank, the contents were pumped to a separator for reclaiming the benzol 
from any water which might have been mixed together vjlth the benzol 
delivered to the sump tank« 

over . . 
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Flow Chart Ho. 55> Separator for reclaiming benzol and benzol miscella 
from sump tank.  The separator iñ/¿s constructed from a 32'' section of 
standard 10" pipe with a standard 10" welding neck flange welded to the 
top, and a 10" welding cap welded to the bottom. A cover plate i/vas bolted 
to the welding-neck flange. Mixtures from the sump tank were pumped into 
this separator through a connection in the side of the separator near its 
middle. The v^ater, and any dirt or foreign matter suspended in the i/vater 
which separated from the top layer (benzol layer) in the separator, was 
removed from the bottom of the separator through a l-l/4'* diameter adjust- 
able overflow leg.  The v/ater from the overflow leg flov/ed to the sewer* 
The benzol reclaimed flowed out of an outlet near the top of the separator 
through a pipe line to the intermediate benzol miscella tank» 

Flow Chart No> (P-5). Motor pump arrangement for draining extractors at 
end of benzol extraction, and for pumping contents of sump tank into 
separator. This consisted of a small spur gear pump, operated at constant 
speed (800 r.p.m,), driven by fractional horsepower. A, C. explosion-proof 
motor. V-belt drive I'vas provided between motor and pump.  Capacity 120 
gallons per hour.  Since the draining of the extractor at the end of the 
benzol extraction period and the pumping of the contents of the sump tank 
to the separator v/ere intermittant operations, the same pump could be used 
for both purposes. 

Description of Precipitating, Settling, and Solvent Recovery Unit 

Flow Chart No. (P-6). Motor pump arrangement. This unit consists of a 
small spur gear type motor mounted on a suitable base,■driven* by fractional 
horsepower motor, at a speed of 700 r.p.m* V-belt drive is provided. 
This pump vms used to circulate concentrated benzol miscella in the 
storage tanks, for pumping this miscella to the preoipitator, and for 
pumping precipitated, settled rubber solution from settling tank to storage 
tanks for the procuring process. 

Flow Chart No. 36. Precipitating tank.  The precipitating tank was 30" 
in diameter by 36" high, with a 20^ conical jacketed bottom, and v/as 
welded from 1/4" iron plate. A 1' gage iron cover -vvas bolted to the top 
of the tank, and made vapor tight by means of a gasket placed between 
the cover and tank.  In this cover was an 8" diameter access opening 
with a removable cover for ^riewing the contents of the tank during 
precipitation.  Below the top cover -^m-s  a 3/4" coil through which cooling 
water flowed to minimize vapor loss during precipitation.  Two dial type 
thermometers were placed in the v/all of the tank, one at the top for 
measuring the vapor temperature, and the other near the bottom for 
measuring the liquid temperature.  On the side wall of the tank, near the 
bottom, were located three S/4" outlets 4" apart for draining off the 
acetone-benzol-^resin mixtures after the rubber was precipitated.  The , 
precipitating tank i/vas equipped with a single, vertical type paddle 
agitator which rotated at 125 r.p.m.  Coupled to the agitator was a fixed 
ratio speed reducer which was driven by a 3/4 horsepower, A. C., explosion- 
proof motor.  To the jacket of the precipitating tank either steam or 
water could be supplied. 



III-p, 15 

A condenser was connected to the precipitating tank by means of .a 1'* 
vapor pipe for condensing any vapor which might escape past the cooling 
coil inside the precipitator.  The condenser ^/vas of the same'design as 
the ones used for condensing acetone and benzol in the. extraction 
process« The condensed vapors were returned to the precipitator♦ 

Flow Chart No» 57» Acetone-benzol-resin storage tanks« Two tanks were 
provided for this purpose. One had a capacity of 40 gallons^ was 14" in 
diameter by 5' high; the other held 65 gallons, -.vas 18" in diameter by 
5* high.  Both tanks were vfelded from 14 gage iron, galvanized on the 
inside and outside surfaces, and equipped with calibrated level g^^ges» 

Flow Chart No. (P-.7)« Motor pump arrangement for pumping, acetone-benzol* 
resin mixtures from first storage tank to second storage tank» This 
unit, mounted on  a suitable base, consisted of a small belt driven spur 
gear pump, v/hich was operated at a speed of 800 r.p.m.- and had an output 
delivery of approxiimtely 200 gallons per hour. The pump y^s  driven by 
a fractional horsepower, A. C, explosion-proof t;rpe motor.  The acetone*» 
benzol-resin mixture drained by gravity from the precipite^tor (No. 36) to 
the first tank and had to be pumpjd to the second tank "which'dieted as 
gravity feed to the still (No-. '68). •' 

Flow Chart NOé 38» Still for the recovery of solvent mixtures from 
precipitation process. The  still was made from a section of a range 
boiler, 14" in diameter by 5» high, jacketed to a height of 16". The 
still was welded from 34 gage iron and \\raB  galvanized inside and outside» 
Inside of the still, one foot from the top, there w£is a 3/4" steam 
heated baffle coil for preventing excessive foaming.  The still was 
equipped ?dth tv/o dial type thermometers, one for vapor temperature, and 
the other for liquid temperature, steam pressure gsige, and calibrated 
liquid level gages. During operation the still held, six gallons of ace** 
tone-benzol-resin mixture, and when 25 pounds of steam were supplied to 
the jacket of the still the evaporative capacity of the still was 10 to 
IE gallons per hour of the solvent mixture» 

Flow Chart No. 59»  Condenser for Still (38).  Same design as the con- 
denser (27), for the benzol evaporator. 

Flow Chart No. 40»  Storage t^^nk for distillate from still.. This tank 
had a capacity of 65 gallons; T/as 18" in diameter by 5* high; 'was welded 
from 14 gage iron, galvanized inside and outside.  The tank was equipped 
mth calibrated level gages and was vertically mounted on 18" legs» 

Flow Chart No. 41. Settling tank for holding pxarified and precipitated 
rubber solution from the precipitator» Same design and construction as 
distillate storage tank (Flov/ Chart No» 40») 

Flow Chart No» 42»  "Bottoms" storage tank.  Same design and construction 
as the 40 gallon acetone-benzol-rasin storage tank. Used to hold 
"bottom." portions from the settling tank^ 

over 
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Description of Equipment in Precuring Unit 

Flow Chart No> 43^ Storage tanks for precipitated benzol extract from 
settling tank. Two identical tanks were used for this purpose, each 
having a capacity of 40 gallons; a diameter of 14", and a height of 5». 
The tanks were welded of 14 gage.iron, galvanized inside and outside, and 
were equipped with calibrated level gages. Both tanks were mounted above 
the chemical mixing tank (No. 44)* 

Flow Chart Ho. (P-9). Motor pump arrangement for circulation of the 
precipitated and purified rubber solution in the storage tanks (No. 43). 
This arrangement consisted of a small gear pump, V-belt driven by a 
fractional horsepower, A. C, explosion-proof motor. The speed of the 
pump ^m.s  approximately 700 r.p.m. and at this speed the pump had a 
capacity of 200 gallons per hour» 

Flov\r Chart No» 44» Chemical mixing tank. This tank was made from a sec- 
tion of range boiler 14" in diameter by 5^ high; jacketed by two 
independent sections as follov/s:  the bottom section v^s 4" high and 
directly above this section a 16" section wag, placed.. Independent steam 
connections were provided for each jacket section. This mixing tank xvas 
welded from 14 gage iron, galvanized inside and outside, and equipped 
with calibrated level gages, compound pressure gage, and two dial type 
thermometers, one for measuring vapor temperature, and the. other liquid 
temperature. A valved funnel inlet for the addition of vulcanizing 
chem-icals was provided at the top« 

Flow Chart No. 45» Condenser. A condenser of identical design to the 
ones used for condensing solvent at other stages of the process was 
mounted directly above the chemical mixing tank. A 2" vapor line - 
connected the chemical mixing tank to this condenser..  In. addition to the 
condenser, a 4^ single pass, double pipe.after cooler was provided. The 
inner pipe was 3/4" in diameter through which the distillate flowed, and 
the outer pipe was 1-1/2" in diameter. The distillate could either be sent 
back to the chemical mixing tank or delivered to the distillate storage 
tank. 

Flov^ Chart No. 46. Loomis mixer.  This mixer was of'the bottom'discharge 
type for vacuum operation, having a total volume of 13 galions, equal to 
a working capacity of approxiimtely 5 gallons or 20 pounds of processed 
rubber.  The trough of the mixer was 12" wide x 14" long x 19" .deep, and 
was provided with a QOVQT  with a quick opening device. The trough was 
constructed of Mechanite metal, and the other parts of the mixer were 
either cast iron or steel.  The mixer trough was jacketed on the front, 
rear, and bottom, and the sigma type mixing arms were drilled.and provided 
with flexible connections so that heating and cooling could be accom- . 
plished using the jackets or mixing blades or both.  The 7" diameter mixer 
arms turned at constant speeds of 31 r.p.m. for the front arm, and 56 r.p.m« 
for the rear arm.  The mixer T/vas designed to withstand full vacuum. An 
inlet opening v\^s provided in the trough for adding the ^^olution of chemi- 
cals and rubber from the solution compounding tank. Also a vacuum outlet 
connection was provided for the ren:oval of solvent vapor during processing. 



Discharge was accomplished by lowering the central bottom of the trough 
which acted as a poppet valve. T] 3 mechanism for this purpose was 
operated by a hand wheel located at the side of the machine. Roller 
bearings were provided throughout with double thrust bearings to absorb 
the thrust loads from the mixer blades; also the mixer was equipped with 
vacuum and oil seals» The mixer was coupled to a totally enclosed gear 
reducer which was driven by a 3 horsepovfer, 60 cycle, 3 phase, 220 volt 
motor. The entire assembl3r was moiinted on a single base« 

For measuring the temperature inside the mixer during processing, a 
potentiometer type temperature recorder was used» 

Flow Chart No. 47» Condenser for vapor from Loomis mixer. This condenser 
was a two-pass .double pipe type, with each pass 4^ long, the inner pipe 
was a 1-1/4" standard black iron pipe through which the distillate flowed 
and the outer pipe was a standard 2" black iron pipe. The vapors from 
the Loomis mixer were condensed by means of this condenser and flowed 
directly to the receiver (No. 48) for the distillate. 

Flow Chart No» 48. Distillate rec^3iver. The capacitiy of this receiver 
was 36 gallons, the diameter 18'*, and the height 36'*. The receiver was 
welded from 14 gage galvanized iron, and was internally braced to with- 
stand reduced pressure. A calibrated level gage \ms  installed on the 
side of this tank, and a vacuum pressure gage fitted in the top of the 
tank. An ejector operated by steam or water was connected to the 
receiver so that reduced pressure could be maintained inside the tank# 
îhis provided more rapid evaporation of the solvent from the rubber in 
the Loomis mixer. Normally the system was operated at absolute pres«^ 
sure between 15" and 20" of mercury. 

Flow Chart No. 49. Distillate storage tank.  This tank had a capacity of 
40 gallons, a diameter of 14", and a height of 5».  It was constructed from 
a section of 14 gage galvani2:,ed iron range boiler^ and equipped with cali- 
brated level gage. Distillate from the receiver ivas pumped into this tank. 

Flow Chart No. (P-8). Motor pump arrangement. This arrangement consists 
of a small gear type pump, mounted on a suitable base, V-belt driven by 
means of a fractional horsepower, A. C,, explosion-proof motor. The pump 
rotated at 750 r.p.m. and delivered approxinBtely 200 gallons per hour. 
This pump was used to transfer distillate from the receiver to the 
storage tank, and from the storage tank to the\fractionation storage 
tanks•  ■ .    . - 

Design £\nd Analysis of Fractionating Columns 

1. Design.  The extraction and evaporation operations of the proposed 
pilot plant process result in a mixture of acetone and benzol v^rhich have 
to be separated for reuse, necessitating the use of a fractionating 
column (No. 51 on Flow Chart).  The packed type was selected because of 
simplicity of construction and the ax-ailability of pipe sufficiently 
large for the required design capacity. 

over 
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Results of laboratory and pre-pilot plant tests indicated that a mixture 
of approxiiTBtely 34^ acetone by weight would have to be fractionated* 
Subsequent design calculations showed a capacity of 75 poimds per hour of 
ZOfo  acetone or 37.5 pounds per hour of 60;;i? acetone possible if the 8" pipe 
on hand v/ere used.  These capacities were considered ample, and calcula- . 
tiens were made for both feed compositions» 

The equilibrium curve used was "based on data obtained from Landolt- 
Bornstein. ^^^  The number of theoretical plates required 'vms determined by 
the well knovm IlcCabe-Thiele graphical method. (^)  The design v/as based on 
the above mentioned feed compositions at 75^"F., product compositions of 
9&fo hy  Y/eight acetone and bensol, a reflux ratio of 10 (lb. reflux/lb. 
product), and vapor velocity of 1.5 ft ./sec. (unfilled cross^-section). (3,4) 
A 3/3'^ Raschig ring packing was selecteä,      - • 

No data was found in the literature relative to ^design constants for 
the aoetone-benzol system, indicating that this sj^stem is not commonly 
encountered in distillation practice. Ah Hp (Height equiralent to a 
Theoretical Plate) of 10^' was assumed, after a -survey of values for other 
liquid, systems, although some extra height v/as added ^for liquid distribu- 
tion. ^  . 

The design resulted in a rectifying section of 6 feet, a stripping 
section of 4 feet, and an intermediate feed section of 2 feet with 
facilities for introducing feed iz  three points- 7'^ apart --made of 8^' 
standard pipe throughout. A 14" reboiler, 25" high., with a 16." diameter 
jacket 18" high v^^is selected as suitable. A condenser similar in design 
to those used in evaporator operations was employed. All equipment was 
constructed in the Southern Regional Research Laboratorj^ shop^. Upon 
erection, the condenser v^s placed sufficiently high to allow for any ;'  '" 
future increase in column height should circumstances require -it. Stand-; 
ard 1" thick x 8" 85;o magnesia insulation v/as used. 

FloTvmeters were designed and calibrated to mieasure feed,, refltix, and . 
top product rates.  Control was manual. 

A mercury manometer measured pressure at the bottom of-the; «packing. 
Vapor temperature at top of the column was measured by a oO^F. - 220^ F« 
vapor pressure type recording thermometer. A multipoint îîicroTTmx,recorder 
was used to measure reflux, boiler vapor,and feed temperatures. A Fultoi^- 
Sylphon regulator in the steam line to the reboiler controlled the vapor 
rate into the column. ; : 

(^) Landolt-Bornstein, Physikalisch-Chemische Tabellen, III, Part 3,' p.2483"< 
(^) Badger, vï. L. à  McCabe, W. L., Elements of Chemical Engineering,- 

pp^- 344-357 (1936) 
(S) Peters, W. A. Jr., Ind. Sz  Eng»g. Chem., 14, 476 (1922).^ 
(^) Pierce, D. E., Chemical Engineering for Production Supervision, 

p. 148 (1942). 
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A column was similarly designed for fractionation of acetone-water 
mixtures (No. 54 on Plow Chart). The rectifying section v/as 3 feet shorter 
than that for îTTe acetone-benzol column, all other dimensions being the 
same,■ howeyer^ subsequent pilot plant operations and the processing of 
goldenrod leaf material drier than originally contemplated showed that 
this column was unnecessary. The addition of an acetone precipitation 
step to the operations constituting the pilot plant process called for 
more acetone-benzol fractionating capacity, and accordingljr the rectify- 
ing section was increased to 6 feet, making this second column available 
for additional acetone-benzol fractionation« 

Zm    Anal3;-sis#. The absence in the literature of design information for 
the acetone-benzol system necessitated an assumption for the height equal 
to a theoretical plate.  It was decided to operate the column at various 
feed rates, reflux ratios, and vapor rates, and determine Ht (Height of 
a Transfer Unit) for several sets of conditions as a check of the assiwnp«* 
tion made in design, so that reliable information would be available for 
calculations on large columns of capacity ample for industrial scale 
production» 

Rates, temperatures, and pressures were measured as indicated in the 
discussion on column design» Readings were taken when conditions had 
approached constancy. Top and bottom products and feed were analyzed 
for composition by the density-refractive index method of Honold and 
Wakehami \^^  according to these analyses, small amounts of v/ater (up to 
Z% by weight) persisted in the feed, nearly all of the water appearing 
at the top in some runs, and nearly all in the bottom in other runs» 
Rectifying and stripping calculations were made with compositions on a 
dry basis.  To what extent the results wore affected by this small amount 
of v;ater is not known, but it is a fact that this is an actual feed condi- 
tion in pilot plant operation. 

Since '^m'^ (the average slope of the equilibrium curve between the 
equilibrium compositions of vapor entering and leaving the column) has 
been found to be important as an operating variable in column perform- 
ance \^*'^^^)   it was calculated and included in the results» 

Results for H-^ and 'VJ^ were calculated for rectifying and stripping 
sections separately as well as for the column as a whole» 

H^ I'vas calculated in each case by the well known method of Chilton and 
Colburn.^^/  Graphical integrations were made by planimeter*  To determine 

\^J  Honold, E. and Wakeham, H., Analysis Data for the Ternary System: 
Acetone-Benzol-Water, Ind. <& Eng»g. Chem. (in Press)» 

y)   Colburn, A. p.. Trans» Am. Inst» of Chem. Engrs., 35, 211 (1939). 
i^J  Furnas, C. C. à Taylor, M. M., Trans» Am. Inst. of Chem. Engrs., 36, 

135 (1940). 
(^) Duncan, D^ W., Koffolt, J. H, ^ Withrow, J. R., Trans. Am. Inst. of 

Chem» Engrs., 38, 259 (1942). 
(9) Chilton, T. H. à  Colburn, A. P., Ind» & Eng'g. Chem. ,^ 27, 255 (1935). 
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compositions of vapors at bottom of packing, a perfect plate was stepped 
off for the reboiler, as analysis was made of the reboiler liquid.  The 
values of "m" were calculated graphically by the method used by Duncan, 
Koffolt, and -Withrow, ^«J although tangents were drawn.and located by eye. 

Operating lines were constructed and vapor and liquid rates were 
calculated by the methods of Badger and McCabe. ^^J 

The reflux ratios reported are corrected for condensation of vapor 
due to cold reflux and heat loss through insulation. Heat losses through 
insulation were calculated by the formula of Stoever. ClO), 

The results of 12 runs appear in Table I* : . * 

^^^) Stoever, H. J., Applied Heat Transmission, p. 200 (1941). 



III-TABLE I 
ANALYSIS  OF ACETONE-uBENZOL FRACTIONATING QOLimj 

Rxm No« 
Column as a ^Yholo; 

Feed, Lb./Hr. (F) 
Feed Temp^, ^F* 
Concentrations, mol-fraction Ace- 
tone: 
Vapor from col. (Y2) 
Vapor into col» (YI) 
Feed (xf) 

Reflux Ratio (Rß) 
Height of Transfer Unit, Ft. (Ht) 
Av. Slope Équil. Curve (^V^) 
Pressure Drop/Ft. (Lb./sq.in.) 

* -^Q^'^^^yi^g Section; 

Vapor Velocity (Ccl. Cross-Section),; 
FU/Sec. 

Vapor-Liquid Ratio (Vn/Ln) 
Height of Transfer^ Unit, Ft.(Ht) 
Av* Slope Equil. Curve ("m") 

Stripping Section: 
Vapor Velocity (Col. Cross-Sec- 

tion). Ft./Sec. 
Vapqr-Liquid Ratio (Vm/Lm) 
Height of Transfer Unif, Ft.(Ht) 
Av« Slope Equil. Curve Q^^'^)   " - 

8 10 11 12 

0  :41.1 s68.5 :25.8 :68.4 :25.7 :41.1 :68.6 :25.8 :4l.l :41»0 î25.7 
- í92  s92  :88  :94  :92  :95  :94  -90  ;92  :95  :90 

0.998:0.997:0.978:0.998:0.822:0.852:0, 
0.083:0.266:0.187:0.426:0,266:0.582: 

0.542:0.542:0.540:0.650:0.655:0; 
œ :14.82:8.22 :56.5 :2.41 :6.19 :6. 

0.908:0.983:1.286:0.981:3.12 :4.87 :4, 
1.01 :0.651:0.759:0.583:0.686:0.538: 
0.121:0.121:0.121:0.121:0.020:0^010:0, 

1.77 
1 

1.77 
1 

►856:0.843:0.676:0.997:0.774i0.998 
- : 0.458:0.056:0.443:0.482:0.152 
,542:0.529:0.529:0.54 :0.547:0.542 
.8  :4.12 :7.57 :13.95:1.35 :4Ö.2 
,81 :3.862:4.09 :0.997:5.165:0.918 
- :0.584:1.276:0.582:0.593:0.809 
020:0.020:0.020:0.121:0.010:0.121 

1.73 :1.65 :1.74 :0.75 :0.50 :0.86 :0.82 :0.89 :1.70 :0.38 :1.74 
1.07 :1.12 :1.02 :1.41 :1.16 :1.15 :1.24 :1.13 :1.07 :1.74 :1.022 
0.700:1.017:0.649:4.12 :3.205:3.04 :3.26 :10.04:0.566:6.48 :0.663 
0.548:0.548:0.55 :0.534:0.534:0.541:0.536:0.557:0.552:0.541:0.551 

1.73 :1.67 :1.72 :0.81 :0.53 :a.90 :0.87 :0.93 :1.69 :0..42 :1.73 
0.946:0.909*0.946:0.852:0*888:0.883:0.814:0.966:0.948:0;.887:0.949 
3.216:2.363:8.18 :2.177:44.65: œ    :5.66 :2.032:6.86 :3.83 :2.708 
0.766:0.913:0.687:0.776^0.625:  -  :0.688:1.391:0.679:0.667:0.989 

Column Cross-Section 
Packing Used 
Percent Free Space 

50.027 Sq. In. 
3/8" Raschig Rings 

68 

Height of Packed Coluinn 12.00 Ft. 
Height Rect. Section 7*58 Ft. 
Height Stripping Section  4.42 Ft. 

I 
Tí 
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B/îinor Auxiliary Equipment ànd Other Features of the Pilot 
> Hant Not; Inciuded in. Flow Chart III-Figure 2 

À single tube, double pipe arrangeirient in which Qoolihg'waiter was-passed 
through the annular spade ^beisween -the .pipes -was used as a vent condenser. 
Five such condensers were installed in the pilot plant,. seVeir'al pieces of 
equipment being connected to the same condenser,• In this manner all ^ 
solvent condensers, sölve^nt'storage tanks, acetone and benzol miscella 
tanks, and extract tanks v/ere vented• 

Gaskets for top and bottom plates of,the extractçrs were cut from l/s" 
''Pac Oil'^ packing. A specially prepared soluble starchy-glycerine compound 
applied to the surfaces of the gasket greatly increased the'"lîf'e of the-- 
gasket and eliminated solve'nt loss through the gasket* 

Sight glass flovf fittings were made vapor-tight bjr placing an asbe^stos 
graphite gasket on the solvent side of-the sight glass and a rubber, gasket 
on the outer side of the glass, n  thin metal, ring ^'vas inserted Ipetween . 
the outer gasket and the thread ring which locked the whole arrangement • 
in place. * »-•-/..       .':.'■' 

Either "Pac Oil" gaskets or lead rdng gaskets were used wliere^'needed 
to make sections of evaporators, s'tills, and condensers vapor-tight.     ; . 

Level glass fittings v/ere kept vapor and liquid-tight /by using Neoprene 
washers as packing for these fittings«      • ^~ - " . » .      •  . • 

For solvent and miscella flow, 3/4" black iron pipe fittings¡ and'a:il  . 
iron gate valves were used to cbnnebt'one piece-, of equipm/ent to another:. 
All thread connections v/ere made vapor-tight with .a mdxture of litharge 
in glycerine, or Crane's plastic sealing com.pound. 

On all steam outlets from evaporators and stills, a standard impulse 
type trap v/as used. A strainer with a 1/80 mesh screen "was inserted in 
the line ahead of each steam trap. . .     -- 

Steam and i/vater valves were either standard brass, globe, or gaie valves, 
depending upon the particular use of each valve.  Steam lines were of -black 
iron construction while water lines were all galvanized pipe and fittings. 

Pilot Plant Procediare 

The ground goldenrod material from the general harvest as received.-from 
YJaynesboro, Georgia, Y\ras separated into two fractions by means of a' ' 
screening procedure performed at the Southern Regional Research Laboratory. 
This screening procedure is fully described in Section VII, and produced 
a fraction enriched in rubber content over that of the unscreened ra- 
terial. .This enriched fraction v/as used for pilot plant extractions. 

As processed, the enriched material was packed in paper bags^ contain- 
ing 25 pounds each.  Three bags wove  used for eadi extractor, sincç' 75 
pounds were the maximum amount of this material the extractor could hold. 



This goldenrod inaterial was ir^nually poured into the extractors • 

Table II is an illustration of cho -typical extraction schedule used 
for the acetone and benzol extraction of the goldenrod iraterial in the 
8-cell battery of extractors. By, means of this schedule one could 
readily determine the processing stage of any one of the extractors at 
any time during continuous operation» Further^ the schedule indicates 
that at all times two extractors were in the acetone extraction cycle 
while three were in the benzol extraction cycle.  The other three 
extractors were either in the process of acetone draining, benzol drain- 
ing^ steaming out, unloading, loading, or were filled a:nd' ready to be 
placed in the acetone cycle• .    , 

By following such a schedule, 3000 pounds of material were processed 
in 120 hours of continuous extraction each week« During this period 40 
cells were completely extracted, mth a new extractor placed in the 
system once every three hours# ' - 

The length of time for each operation in the processing of an extractor 
was as follows:  (1) loading and holding - one hour; (2) acetone extrae-^ 
tion - 6 hoursi (3) acetone drain - 1 hourj* (4) benzol extraction - 9 
hours; (5) benzol drain - l/S hour; (6) steaming out - 4 hours; (7) un- 
loading and cleaning - 1 hour* As scheduled, the time for à ^complete 
cycle for an extractor was 22-1/2 hours, and once every 24 hours the 
extractor started a new cycle;    • 

Acetone Extraction Procedure» In starting up the acetone unit, first 
an extractor was placed in the cycle, followed three hoiors later by a 
second one. From this point on there were always, two extractors in the 
acetone cycle. When first placed in the cycle a charged extractor had 
to be filled with approximately 20 gallons of acetone pumped from an 
acetone storage tank (Flow Chart No* 10). This operation only took 
about ten minutes, and once the extractor was filled cyclic operation 
of the acetone imit could be maintained« 

The acetone to the two extractors in the acetone cycle was heated to . 
140^ F« automatically by means of the heat exchanger (Flow Chart No# 12), 
and pumped to the first extractor at a rate of 100 gallons per hour» 
This gave a solvent change in the extractor equal to about five times 
per hour. The heated acetone entered at the bottom of the first extrac- 
tor and had an upward path through the extractor. The resulting acetcne 
miscella left the first extractor from an outlet near the top and 
passed through the second extractor in the same manner as for the first 
extractor* The acetone miscella from the - second extractor flowed to 
the acetone miscella surge tank. The average temperature inside the 
first extractor was 135^ F*, and for the second 130^ F# The pressure in 
the solvent line at the point of entry of the solvent to the first 
extractor ranged from 15 to 20 pounds per square inch»    ..... ., 

The acetone miscella from the acetone miscella storage tank flowed 
by gravity continuously through a sight glass into the first evaporator 

over "^ 
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Extrac- 
tion jl= 

;Extrac- 
;tor ^ 

315 

316 

317 

318 

31. 

320 

321 

322 

32è 

Lot  9 
75# 

Lot f 
& Lbs. 

Lot 9 
75# 

Lot 9 
75 # 

TYPICAL EXTRACTION SCHEDULE FOR PILOT PLAIIT OPSIíATIOM 
"1   Benzol ^ 

Loading 
Beg. End 
Thu. 
3:30 

AM 

Thu. 
4:30 

AM 
Thu- 
6:30 

AM 

Thu. 
7:30 

AM 
Thu. 
9:30 
AM 

Thu. 
10:30 

AM 
Lot 9 
75# 

Lot  9 
75# 

Lot 9 ' 
75f 

Lot 9 
75# 

Lot 9 
75# ■ 

Lot-, 9 
75# 

Thu. 
12:30 

PM 

Thu. 
1:30 

PM 
Thu-. 
3:30 

PM 

Thu. 
4:30 

PM 
Thu. 
6:30 

PM 

Thu. 
7:30 

PM 
Thu. 
9:30 

PM 

Thu. 
10:30 

PM 
Fri. 
12:30 
AM'  ■ 

Fri. 
1:30 

AM 
Fri. 
3:30 
^AM 

Fri. 
4:30 

AM 

Acetone 
Extraction 
Beg.   End 
Thu. 
6:00 

AM 

1 nu. 
12:00 

N. 
Thu. 

9:00 
AM 

Thu. 
3:00 

PM 
Thu. 
12:00 

Thu. 
6:00 

PM 
Thu. 
3:00 

PM 

Thu. 
9:00 
.PM 

Thu. 
6:00 

PM 

Thu.- 
12:00 

M 
Thu. 
9:00 

PM 

Fri-. 
3:00 

AÎ1 
Thu." 
12:00 

Fri. 
6:00 
.AM 

Fri. 
3:00 
AM 

Fri. 
9:00 

AM 
Fri. 
6:00 

AM 

Fri. 
,12:00' 

N* 
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Drair : Extract ion :   Drain 

Be g. End : Be g. End : Beg.       End 

Steaning       : 
Out :  Unloading 

End   :Beg. End :Beg 
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N* 

Thu.:Thu. 
1:00:1:00 

PM  :   PM 

Thu.:Thu.     Thu.   :Thu. Fri.:Fri. Fri. 
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PM :   PM PM : ■ PM AM i  AM AM 

Thu. 
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FM  :   PM 
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AM : AM 
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AM 
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AM 
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PM 

t 
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AM 
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(Plow Chart Wo. 14) where the acetone miscelia vms given its first stage 
of concentration while the evaporator distilled off 50 to 6Ü gallons of 
acetone per hour« The bottom of the first evaporator v\ras* slightly higher 
than the top of the second evaporator allowing the partially concentrated 
acetone extract to flow from the overflow leg of the first evaporator 
through an interconnecting pipe into the second evaporator (Flov^ Chart 
No« 15) •  Here the extract was given its second stage of concentration 
while this second evaporator distilled off 30 to 40 gallons of acetone 
per hour.  Since the pressure inside the second^evaporator was maintained 
apprcAimately l*l/2 pounds per square inch higher than the acetone still 
(Flow Chart No. 16), which was of similar design and located on the same 
level, the concentrated extract from the second evaporator continuously 
flowed through an interconnecting pipe into the still where the acetone 
extract was given its final concentration« The evaporative capacity of 
this still was 20 to 30 gallons per hour of acetone.  The resins (concen- 
trated acetone extract) were concentrated until no acetone remained in 
them, and these resins were discharged from an outlet in the bottom of 
the still approximately once every 2 to 3 hours. The resins were collected 
in cans which held about 65 pounds. 

The two acetone evaporators and the acetone still had a combined 
evaporative capacity of more than 100 gallons per hour.  The distilled 
acetone from each of these pieces of equipment was condensed and the 
resulting distillate was further cooled by means of the condensers and 
after coolers (Flow Chart No« Í7). The distillate from all three after 
coolers flowed into a manifold line which terminated at the distillate 
receiver (Flow Chart No. 18).  In this receiver the distilled acetone 
was reheated and then pumped back to the extractors« 

As scheduled, at the end of every three-hour period, the first extrae«^ 
tor ivas taken out of the acetone cycle and the extractor next in line 
(charged with material), was placed in the cycle« 

The quantity of solvent in the acetone cycle during normal continuous 
extraction v\ras approximately 80 gallons and can be accounted for as 
follows:  in the tivo extractors there were 40 gallons; in the distillate 
tank 8 gallons^r in the cîurge tank 1 gallon, in the first evaporator 10 
gallons, in the second evaporator 8 gallons, in the concentrating still 
6. gallons, and in the interconnecting pipe lines and condensers 7 gallons« 

The composition of the solvent used for acetone extraction contained, 
on the average,88^ to^95';?i acetone, Afo  to 11^ benzol, and 1%  to A% water« 

At the completion of the acetone extraction (6 hours), each extractor 
was drained for one hour by means of a small gear pump.arrangement (Flow 
Chart No« (P-O)) vriiich discharged the drained solvent into the second 
evaporator« The vent valve on top of the extractor was kept closed until 
the pressure inside the extractor "^^'-"^s reduced to zero, and when this 
condition was obtained it was opened for the remainder of the draining 
period.  The amount of acetone which could be drained from the extractor 
was approximately 10 gallons. Since originally 20 gallons of acetone 

over 
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were needed to fill the extractor, there were approximately 10 gallons 
of acetone still absorbed by the material in the extractor• 'The removal 
of this acetone from the extractor will be discuissed in the benzol 
extraction procedure« 

Benzol Extraction Procedure« During normal extraction there were three 
extractors as scheduled, in the benzol cycle«  Eaöh extractor was given 
a benzol extraction for nine continuous hours»Since every three hours the ' 
first extractor in the cycle was'taken out of the system, the next 
extractor in line (acetone extracted and drained) was placed last in the 
cycle« ' 

Once all the acetone from the last extractor in the benzol cycle was 
removed by means of the procedure outlined in the following paragraph^ 
the benzol extraction unit was operated in a-cyclic manner.  Benzol from 
the storage tanks (Flow Chart No. 20) was heated automatically to 175 F» 
by means of the heat exchanger (Flow Chart No« 22) and pumped at a rate 
of 50 to 75 gallons per hour to the extractors.  The three extractors were 
connected in a series and the benzol mis celia flowed upvjard through each 
extractor ^  The average temperature of the m^iterial in the first' extractor 
was 150^ F« to 155^ F., in the second 140^ F. to 145^ F., and in the third 
150^ Fc to 135^ F» The miscella leaving the last-extractor flowed to the 
intormxodiate benzol miscella storage tank (Flow^Chart No:» 23)-.which 
allov/ed some settling of the benzol miscella before it was- pumped to the 
benzol miscella surge tank (Flov^r Ch^^rt No. 25) b3r means of thé pump 
arrangement (Flow Chart No. (P-3)).  From the surge "Lank the benzol 
miscella flowed by gravity into the benzol evaporator (Flow Chart No. 26) 
where it was given its first stage of concentration while 50 to 60 
gallons per hour of benzol were distilled.  By means of the condenser and 
after cooler (Flow Chart No« 27) located above the evaporator, the distilled 
benzol was condensed and cooled, and returned to the benzol storage tanks 
for recirculation in the extraction process.  From the evaporator the 
partially concentrated benzol miscella (about 3/Í total solids) was pumped 
by m-eans of a pump arrangement (Flow Chart No. (P-4)) to a storage tank 
(Flow Chart No. 29) above the benzol still (Flow Chart No. 30).  Fromthis 
storage tank the extract flowed by gravity through a fine strainer .into the 
benzol still (Flow Chart No. 30).  Here the extract v/as concentrated to 
approxiimtely 15^ total solids and -was dropped at regular intervals .to ' 
the benzol miscella storage tanks (Flow Chart No. 32). 

Every three hoxjirs an extractor which was acetone extracted and drained 
was placed as the last extractor in the benzol cycle, and provision had 
to be made to remove from the benzol cycle the acetone which remained'in 
this extractor (approximately 10 gallons) v\rhile the rubber was being 
extracted from the material in the extractors«  These two operations-were : 
simultaneously accomplished by pumping to the first extractor in the 
cycle benzol heated to a temperature of 175^ F. and at a rate of 50 
gallons per hour from benzol storage tanks«  Since these extractors were 
connected in a series, the extract leaving the last extractor contained  ^ 
a considerable amount of acetone. About 25 to 35 gallons of miscella 
had to be pumped through the last extractor in order to take practically 
all the acetone out of the cycle«  This gave a mixture of 35 to 45 gallons 
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of miscella which was concentrated in the first ben«ol e-^aporator« The 
distilled solvent mixture from this miscella was condensed, cooled, and 
transferred to the storage tanks (Flow Chart No# 50) in the fractionation 
unit« This part of the benzol extraction process usually took 45 minuter 
to one hour, and during this time the benzol miscella was concentrating 
in the first benzol evaporator*  In the beginning when a new extractor 
was placed in the benzol cycle, the acetone content in the miscella was 
not high enough to precipitate out any large quantity of rubber» Usually, 
when starting to evaporate, the first miscella ■t?\^ich came over, the boil- 
ing point of the mixture in the evaporator was 146^ F# to 150^ F. After 
35 to 45 gallons had been evaporated, the vapor temperature rose to 
170^ F. to 172^ F* 

Once the acetone was removed from the cycle, the distillate from the 
after cooler of the evaporator was transferred to benzol storage (Flow 
Chart No, 20) for the reiminder of the three hour interval. Only the 
first benzol evaporator (Flow Chart Mo« 26) v^ras in the cycle while the 
acetone was being removed since no miscella was pumped from the benzol 
evaporator to the second still (Flow Chart No* 30) for further concentra-* 
tion» While the acetone was being removed from the benzol cycle, the 
second still (Flow Chart No* 30) was used to concentrate to 15^^ 
in batches of 3 to 3-1/2 gallons, the benzol miscella obtained for a six 
hour interval of extraction. Since the concentration of the benzol 
extract occxirred once every six hours, and acetone ^vas removed every three 
hours from the system, this still was shut down during half of the periods 
when the removal of acetone from the benzol cycle was in progress«* 

As stated in the description of equipment of the benzol unit, the 
intermediate benzol miscella tank and the benzol miscella surge tank 
were provided with an additional outlet located in the side of these 
tanks, so that any foreign matter in the benzol miscella could settle* 
Since these outlets were about 6'^ from the bottom, there were always at 
least 6" of miscella in these two tanks during continuous extraction^ 
When a new extractor was placed in the benzol cycle both intermediate 
storage tank and surge tank were completely drained into the sump tank* 
7/hile these two tanks were being drained, heated benzol was pumped to 
the first extractor in the cj^cle. . In this way the last extractor in the 
cycle was filled with miscella from the second extractor* Within ten 
minutes the extractor was filled and the miscella began to enter the 
empty intermediate storage tank. ^Nhen  the level of the miscella in 
this tank was up to the side outlet, the miscella was pumped to the surge 
tank, and from the svirge tank the miscella flowed to the evaporator and 
distillation of the acetone-benzol rubber solution was started, .as 
described in the preceding paragraph» 

By dropping the bottons from the intermediate storage and surge tanks 
into the sump tank, the acetone-benzol mixture returning from the extrac- 
tor in the benzol cycle did not become diluted with additional benzol 
before reaching the evaporator* This procedure i^vas adopted in order to 
keep from sending more solvent mixture to the fractionating unit than 
necessary* in addition, accumulation of settlings in these two tanks 
was avoided. The benzol miscella dropped into the sump tank was reclaimed 

over 
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through the separator (Flow Chart No. 35) which was provided for this 
purposeè This operation was always performed while the benzol system was 
in cyclic operation«  The benzol from the separator flowed to the inter- 
mediate benzol miscella tank. The separator was provided with an 
additional i/vater feed so that at all times there v\fas enough -water enter- 
ing with the liquid from the sump for proper action within the separator♦ 
By sending the benzol mixture to the separator, any insoluble particles 
were -»^shed out of the benzol miscella- and passed out of the separator 
suspended in the i^^ter routed to the sewer» 

Another procedure tried was to send the benzol miscella from the last 
extractor directly to the evaporator, with a surge tank only in the line 
between the extractors and evaporator.  This procedure required less 
handling of the benzol miscella before reaching the benzol evaporator and 
was satisfactory provided a suitable strainer was provided in the benzol 
miscella line before the evaporator* 

An antioxidant (Plectol H) was added to the miscella on the basis of 
.5%  of the rubber present. On this basis, 2 grams of Flectol H, dissolved 
in 500 cc. of benzol, were added to the benzol miscella before it reached 
the evaporator at intervals of l-l/2 hours during continuous extraction. 

The quantity of solvent in the benzol cycle during normal continuous 
extraction, excluding that in the benzol storage tank, was approximately 
100 gallons and can be accounted for as follows;  in three extractors 
there were 60 gallons; In intermediate benzol miscella tank six gallons; 
in sxorge tank six gallons; in benzol evaporator 12 gallons; in benzol 
still eight gallons; in condensers and after coolers five gallons; and 
in pipe lines three gallons. 

The composition of solvent used for benzol extraction contained from 
95%  to 100^ benzol, and 0% to 7%  acetone. Now and then a trace of 
water was present in the solvent. 

At the completion of the nine hours of benzol extraction, the extrae-* 
tor was taken out of the cycle, and drained for l/2 hour, by means of 
the same gear pump arrangement used to pump out the sump. Approximately 
eight to ten plions of benzol were drained out of the extractor and 
added to the benzol pumped to the extractors. 

After an extractor was drained of benzol, steam at 20 to 25 pounds 
pressiH'e was directly passed thru the extractor at a bottom connection.  In 
this way the remainder of benzol left in the extractor was ste"am 
distilled and passed through the top filter inside the extractor into a 
manifold line which was connected to the multipass, double pipe condenser 
(Flow Chart No. 33)♦  Here the steam and benzol vapors wore condensed and 
flowed from the condenser into a separator (Flov/ Chart No. 33) where the 
benzol recovered from the water flowed out of a top outlet to the benzol 
storage tanks and was reused without any further treatment. Each extrac- 
tor was steamed out for four hoiArs and this period was ample for 
complete removal of benzol from the material left in the extractor at 
the end of the benzol draining period. At the end of the steaming out 
period, the extractor was immediately unloaded, cleaned out, and reloaded. 
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Once a day the bottom portions of all benzol storage tanks, were drained 
to the sump tank, and the solvent in these bottoms was reclaimed through 
the separator used in conjunction with the. sump tank« The reason this 
was done was to eliminate from the system any Y^ter which settled from the 
benzol recovered by fractionation« 

Precipitation System«  Since the concentrated benzol miscella. contained 
an average of 18 to 22 parts of resins per 100 parts of rubber., it v/ag 
necessary to reducö this resin content by acetone precipitation« This 
çperation was performed by the use of the precipitation unit, a description 
of which has already been given (Flovvr Charts 36 to 42 inclusive)« This 
precipitation procedure "vvas necessary because tensile strength and other 
properties of goldenrod rubber were adversely affected by resins in 
excess of 5/^ 

The resins present in the benzol miscella are quite soluble in acetone 
or benzol, while the r\Abber is soluble only in benzol« A small percentage 
of acetone in the benzol does not materially decrease the solubility of 
the rubber, but ratios of acetone to benzol between 3 to 1 and 5 to 1 will 
cause the rubber to precipitate more or less completely« The addition of 
a trace of NH^SCN or KSCN in the acetone^ added to cause precipitation, was 
found to produce flocculent precipitation and subsequent coagulation 
instead of a colloidal suspension of the rubber. Agitation i-vas of con- 
siderable benefit in coagulating the rubber« 

The pilot plant process of reducing the resins in the concentrated 
benzol miscella was based on the above considerations and consisted 
essentially of pumping 40 gallons of acetone to the precipitating tank 
(Fl0Y7 Chart Ro. 36), adding 15 grams of potassium thioc;v"anide dissolved' 
in acetone, and with the agitator of the precipitating tank in operation, 
20 gallons of the concentrated benzol miscella' from storage tanks (Flow 
Chart No, 32) were sprayed-into the tank and stirred continuously for 
ten minutes. After settling for one hour at room temperature, the-.acetone- 
benzol-resin solution x^s decanted through the side connections to the 
storage tanks (Flow Chart No. 57), 

Another batch of rubber of the same size was then precipitated in the 
same manner as described above, -without removing any of the rubber« The 
rubber from the two batches was then dissolved in enough benzol to 
obtain a solution containing about 17^o rubber. V/hile dissolving the 
rubber the temperature was maintained at 140^ F«, and 0,5Jo Flectol H on 
the weight of the rubber i^vas added« The warm rubber solution was then 
drained to the settling tank (Flow Chart No« 41). 

The rubber was not ivashed vdth acetone after precipitation because 
the resin content ^/;as sufficiently reduced by the above procedure* 
Purified batches of rubber solution prepared in this way contained 
approximatelj^ I670 to 18^ total solids which vÂs  a desirable concentration 
for the procuring operation« The precipitated rubber"contained from 2 to 
4 parts of the acetone soluble material per 100 parts of rubber* 

The precipitating »operation, as carried out in the pilot plant, 
over 
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produced 40 gallons of concentrated rubber solution per batch with a loss 
of only Z%  of the initial rubber content« Thé time required to purify 40 
gallons of crude benzol misoella was about eight hours* Hence, from the 
standpoint of the precipitation system, there v»;as ample capacity for 
handling the quantity of crude benzol miscelia produced in the pilot 
plant extraction system, since, on the average, only 55-gallons of crude 
benzol misoella v/ere produced during 120 hours of continuous extraction. 

The quantity of acetone-benzol-resin mixture obtained from each 40 
gallons of benzol misoella purified by the precipitation, procedure v;as 
110 to 120 gallons.  This mixture was distilled at the rate of 10 to 12 
gallons per hour in the still (Flow Chart No* 38) provided for this 
purpose.  The residue was collected from the bottom of the still in the 
same type of cans used for the acetone extract. The distillate from the 
still lAas collected in the distill' te storage tank (Flow Chart No. 40). 
From this storage tank the distilled solvent mixture,which usually 
contained from 60/'i to 101%  acetone, was transferred to the fractionation 
unité 

The purified rubber solution i^as allowed to settle in the settling 
tank (Flow Chart No. 41), and from this tank was transferred to the pre- 
curing imit for the final step in the process. 

Pilot Plant Precuring» The general procedure used in procuring the 
product in the large Loomis mixer v^s as follows:  The amounts of 
chemicals necessarjr to precure 18 pounds of resin-free rubber were added 
to the jacketed tank (Floiv Chart No. 44) together with two gallons of 
benzol. This mixture ^i^vas brought to the boiling point in order tr^ 
dissolve these chemicals. The rubber solution, usually at a concentra- 
tion of about 1.3 pounds per gallon after purification and settling, was 
then added.  The mixture v/as again brought to the boiling point to 
ensure homogeneous solution of rubber and chemicals. The steam pressure 
in the jacket was adjusted so that the solvent evaporated very slowly, 
usually about three gallons being distilled in this manner during the 
course of each run.  If too much heat was applied at this point, the 
solution tended to gel and v/as held up in the mixing vessel, or caused 
difficulty by plugging of lines leading to the Loomis mixer.  By keeping 
the mixture at the boiling point, settling out of chemicals lA^as prevented. 

The contents of the solution compounding tank "was then run slowly into 
the steam heated Loomis mixer, benzol being distilled continuously under 
vacuum. The maximum rate of distillation for good .operation was about 
six gallons per hour under 14" of vacuum.  Care ivas taken to prevent 
accumulation of more than about si:: gallons of concentrate in the mixer 
at any time in. order to avoid excessive foaming. A thermocouple extend- 
ing into the material working between the blades i^vas used to meagrore 
teïïperature through a 'potentiometer type recorder. Diu:*ing removal of 
benzol the temperature was held between 140^ F. and 170^ F., at which 
temperature no signs of gel formation were detectable. 

As soon as the benzol, was completely distilled, the miijjer was opened. 
The temperature of the stock rose, and. at about 250 F. the material 
began to set up or stiffen rapidly* Heating was continued for about 15 



III-p* SI 

minutes during which time the temperature rose to about 280^ F«, and 
reaction was practically complete« The steam was then turned off and cold 
water was run through the apparatus, agitation being intermittent diiring 
the cooling stage» This procedure was necessary to ensure uniform cooling 
of the stock and at the same time undue breakdown of the precured rubber 
"vms prevented* As soon as the stock v/as cooled it could be removed 
easily by warming the sides and blades slightly and lifting this material 
out of the top of the mixer. 

Operation of the Fractionation Unit» The fractionation unit v/as 
operated in conjiinction \vith'the other units in the system to fractionate 
acetone-benzol mixtures transferred from the extraction unit, the 
precipitatioi unit, and the preouring unit« 

For nine runs (see Tables III and IV) made in the pilot plant system^ a 
total of 556.65 pounds of rubber on a res in-free basis vrere  produced. To 
process this quantity of rubber fron the raw material to a precured form, 
the following quantities of acetone-benzol mixt\;ires were transferred to 
the fractionation columns:  from the extraction system 15,200. gallons (20^o 
to ZOfo  acetone); from the precipitation imit 1700 gallons (öO^a to 70^ 
acetone); and from the precuring unit 375 gallons (20>¿ to 25^ acetone). 

Two columns were designed and constructed, one for fractionating ace- 
tone and benzol mixtui^es, and the other for fractionating aoetone-ivater 
mixtures» Before pilot plant extractions of goldenrod material xvere 
conducted on a large scale, it was considered that the acetone used for 
acetone extraction would become contaminated with water from the moisture 
in the ground goldenrod imterial, and consequently the acetone would have 
to be periodically fractionated. Ho?/ever, after operating the extraction 
battery, it was found that the amount of water in the acetone used in the 
acetone cycle remained at about ^fo.    One .reason for the small percentage 
of water in the. acetone Y^S  that the moisture content of the material' 
viras only ß%  to 8%,  and another reason was that every time an acetone 
extracted cell ^vas taken out of the cycle and a recharged cell placed in 
the cycle approxirtritely 10 gallons of fractionated acetone were added in 
the acetone system to make up for the acetone left in the extractor taken 
out of the cycle. Since eight such additions were made each 24 hours of 
continuous extraction, and onljr 80 gallons of acetone were in the whole 
cycle, these periodical additions of relatively pure acetone kept the 
water content in the solvent belov^r 4^» 

The ten gallons of acetone left in the extracted cell were removed 
from the benzol system with benzol, and the resulting acetone-^benzol 
mixture was transferred to the storage tanks for fractionation in the 
acetone-benzol column» During fractionation the small amount of water 
in this mixture came out in the berzo 1 fraction which "vvas transferred to 
the benzol storage tanks. Since v^ater and,benzol are immiscible, the 
water settled to the bottom of the benzol storage tanks. By periodically 
dropping the bottoms to the sunptank, the water was taker^. out of the 
system» 

The addition of the precipitation procedure to the pil/)t plant process 
over ' 
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necessitated an increase in the acetone-benzol fractionation capacity« 
This was accomplished by converting the acetone-*i*vater column to an acetone^ 
benzol fractionating column.  By increasing the rectification section of 
the acetone-i/vater coliimn three feet, it was identical in construction .to 
the acetone-benzol column« 

During the periods of continuous extraction, these two columns were 
used jointly to fractionate the mixtures of acet^one-benzol transferred from 
the other units in the system.  Since the two columns were identical in 
every respect, they were operated in the same manner. The total capacity 
of the two columns was ample for the requirem.eñts of pilot plant system^ 
For each column, 10 to 12 gallons per hour of acetone^benzol mixture con- 
taining 20fo  to oO/C acetone could be fractionated while for low benzol 
mixtures (60^a to 7öfo  acetone), only 4 to 5 gallons per hour could be 
fractionated.  The purity of the top cut (acetone) varied from 95%  to- 99;?? 
acetone, and the bottom, cut (benzol) 96% to 100^ benzol containing a 
sm.all amount of suspended water» 

For all composition of feeds relatively high reflux ratios were main- 
tained which varied from 10 to 1 to 20 to 1. 

Upon starting, the time required to bring the columns in equilibritom 
was approximately 45 minutes, and from this point on the columns were 
operated with very little attention needed since all recorders, controls, 
and operating valves were conveniently located so,that any regulation 
necessary could be easily made« 

The feed temperature, reflux temperature, and the rebeller temperature 
for each column were recorded once every minute bjr means of a multipoint 
potentiometer strip chart recorder« The acetone vapor temperature at 
the top of the columns was continuously indicated by a vapor pressure 
type temperature recorder.  The required reboiler temperature for each 
col\imn was automatically controlled by a bellows type regulator. A 
mercury manometer v>/as used to indicate the internal pressure within the 
column« Orifice flowmeters were used for each column to measure the 
feed rate, the acetone cut rate, and reflux rate« During operation of 
the columns, the following are average temperatures of controlling points: 
(1) reboiler - 178^ F., (2) feed 80^ F., (3) - reflux 105^'F., (4) acetone 
vapor 135^ F« • , 

Feed to the columens was pumped from one of the four storage tanks 
(Flow Chart No« 50), and the fractionated acetone (top out) flowed back 
by gravity to acetone storage tank (FIOY/ Chart No« 10), while the 
fractionated benzol (bottom cut) was pumped to the benzol storage tanks 
(Flow Chart No. 20), 

Results« Extraction. Results of extractions performed in the pilot 
plant system may be divided into tliree parts according to the nature of 
the raw material used for processing» 

Part 1« Material from general harvest, shipped in bales from ?iaynesboro, 
Georgia, reprocessed to remove a large percentage of stems and"* stalks, 
and ground in a hammer mill at the Southern Regional Research Laboratory« 
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Part 2* Material from general harvest^ ground at T/aynesboro, Georgia, 
shipped in paper bags, v/eighing approxinis^tely 35 pounds, and screened at 
the Southern Regional Research Laboratory* The screening process re- 
tained approximately 42^ by v/eight of original material enriched in rubber 
content.  This screened fraction was used for extractions, while the rest 
^.A/as discarded. 

Part 3. Special lots of matej*ial - ensilage, retted material, antioxidant, 
and temperature drying runs. The procedure and results for these extrac- 
tions are given in the sections covering these special lots. 

For Part 1, a total of 12,150 pounds of this material vías  extracted in 
664:  hours of continuous extraction. The concentrated benzol miscella 
contained 165 pounds of rubber corrected to the resin-free basis.  The 
weighted average analysis of the material charged in the extractors was 
1*87^, equivalent to 227 pounds of resin-free rubber in the total of 
12,150 pounds, so that the overall efficiency of the extraction operation 
ivas 73fó. The average resin content of the crude rubber was XSJ-'o to 20;^.^ 
Several batches of precured rubber were made from this rubber, but the 
resulting vulcanized product was of a ven/ poor grade. • The balance of 
the crude rubber solution was precipitated mth acetone-, and redissolved 
in benzol in order to reduce the resin content to a minimum- {Z%  to 4>o)* 
The rubber in the benzol extract was compounded and precured in the 
Loomis mixer.  The resulting vulcanized product was of a satisfactory 
grade« 

The iraterial described in Part 1 i/^as extracted in the 8-cell extrac- 
tion battery, using a 12 hour continuous cycle for both the acetone and 
benzol* extraction of each cell.  Several attempts were made to reduce the 
resin content in the' crude benzol miscella hy  modifications in the 
extraction process, but for various batches of crude rubber the resin 
content varied from 13/o to 25^o* 

For Part 2, a total of 28,350 pounds -of screened material were extracted 
in the 8-cell extraction battery, and the resulting crude benzol miscella 
i/vas acetone precipitated to obtain a purified rubber solution low in resin 
content {2%  to 4:%).     The purified rubber solution vms further processed 
to a precured form in the Loomis mixer» 

The 28,550 pounds of screened imterial were extracted in a total of 
nine runs, and the results for the acetone and benzol extractions are 
given in Tables III and IV respectively. 

For the extraction cycles of these runs, a continuous acetone extrac- 
tion of six hours and a continuous benzol extraction of nine hours were 
used for each cell.  Two extractors were in the acetone cycle, and three 
extractors in the benzol cycle at all times.  The acetone v/as pumped to 
the extractors at a rate of 100 gallons per hour, and at a temperature of 
140^ F., Y\rhile for benzol the rate was maintained at 50 to 55 gallons 
per hour for the first seven runs, and at a rate of 75 to 85 gallons per 
hour for the last ty/o runs. Tifith other factors remaining the same, the 
increase in rate of flov/ did not produce any more rubber.^ For all nine 

over 
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runs the benzol, pumped to the extractors, was heated to a temperature 
of 170^ to 175^ F. 

The results of these pilot plant extraction operations indicate timt 
the average percent of resin-free rubber on a total weight basis 
extracted from the screened material was l«985;?i as compared to 1.36^0 for 
the imscreened material on an equal basis»  Consequently, from the stand- 
point of pilot plant extraction, the screening procedure increased the 
rubber yield 45.5/'ó* 

The average density of the screened material was 21^6  pounds per cubic 
foot, and the average density of resins extracted from this material was 
70»5 pounds per cubic foot. 

The total amount of goldenrod rubber, on a resin-free basis, extracted 
from all the material processed in the 8-cell extraction battery was'874 
pounds which includes 131 pounds of rubber produced from the special lots; 
namely, ensilage, retted, drying temperature control, and antioxidant* 
(See Sections VI, IX, X, and XI of  this report for details on these 
special runs») 

Results, Precipitation Process,  The results of pilot plant precipita* 
tion of batches of crude benzol extract from the extraction process are 
tabulated in Tables V and YI. Data on the benzol mis celia before pre- 
cipitation are presented in Table V and similar data on the purified rubber 
solution after acetone precipitation are shown in Table VI,  In these 
tables are listed the results for- 22 runs made in the pilot plant. Runs 
1 through 5 were batches of crude benzol miscella extracted" from \m- 
screened goldenrod m^^tterial, while Runs 6 through 19 were made to purify 
crude benzol miscella obtained from the extraction of screened goldenrod 
material. Runs 20 through 22 were made to reduce the resin content of 
special lots of benzol miscella. 



. III-TABLS III 
PILOT PLANT E}CTR/iCTIOÏÏ RESULTS:   I. ACETONE EXTRACTION 

Run 
No* 

Continuous 
Extraction 

Hrs» 

PILOT PLANT RESULTS ANALYTICAL    SXTPJiCTION      DATA 
;R aw    M s-  t  e  r  i a  1   ; •        Residue • 

^:% Mois-   t% Acetone  Ext.:  % Acetone  Bxt* Lbs*       :Lbs#  Resinsl    ^Ites^ins 
Extra'cted  s   Extracted  :Tot. ?i/t.   Basis   :   ture       :Tot.  Wt.  Basis:   Tot. Wt.   Ba^is* 

1 !   120 :  300D :  370.0 

2 :   120 !  3000 !  440,4 

'.   3    Í !   120 !  3000 : 433.0 

'4 !     120      ! 3000 :  407.0 

5 :   222    ; :  5550   ¡ :  921.0   ¡ 

. ^           ' :   114    -! !  2850   i ! 450.0 

7 :    90    i :  2250 ,  379.0   ¡ 

8      ! 108    ! í  2700"   i :  463.0   i 

9      ! 120    ! , - 3000 .  512.0   : 

12.30 ;  6.65 :    14.06   ! ! .    4.33 - 

14.70 . :  8.00 :    14.45   ¡ !    * 3.97 

14.40 :  7.95  ■ :    13.95   ! ;      2.35 

13.60 :  8.35  ! i    14.70   ! 
! 
:      1.74 

16.60 :  8.75 !    15.00 
! 
!      1.66 - 

15.80    : :  7.95  , !    15.90 i    .    1.51 

16.82 :  7,95  ! 15.00 .  .    2.64 

17.15 !  9.07 :,   13,10 !    / 4.06 . 

17.10    ! 9.42  ! í    15.45   ! :      4.17 

*  Corrected to original weight. 

I 
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III-TÁBLE IV 
PILOT PUNT EXTRACTION RESULTS:   II,   BENZOL S}[TRACTION 

I 

¡Contin- 

PILOT PL/il JT RESUL' IS rANiiLYTICAL EXTRACTION DATA 

:   Total :   Resin :     Lbs,   ; :  Lbs.of :% Resin- 
: Rav/           ] feterial {Residue 

:Effi- 
:   uous :     Vol. :   Solid : Content :       of •   Rubber :     free :% Benzol :% Benzol •ciency 
5Extrac- :     Lbs. !       of :     in !     of       . ¡Rosini- ;  Resin- :  Rubber : Extract ¡Extract :     of 

Run i .   tion ! Extrac- -Extract »Extract ¡Extract' îférouH  ' free ¡Tot.  Wt. 'Tot.  Wt.' 'Tot.  Wt. 'Extrac- 
No.- :     Hrs, !   ted       ! :   Gals. ¡Gms/cc' •■       % 'Rubber  ' '•   Basis '■   Basis •   Moist. '   Basis     ' '•  Basis* 'tion %** 

1   ■ •r      120      , !   3000     . !   54.25 :   14.4 I  23.85  ■ !     65.25i !     49.75 :     1.60 !     6.65 :   2.465     ! 1     .774 !     67.4 

2    ! ¡     120     i 3000     • :  48.25 !   17.4     i !   22.80  • :     70.10: .     54.10  i ¡     1.80    < :     8.00     • ;  2.47       ! !     .805 :     73.0 

3    ! !     120     i !   3000     i .  49.50 t  17,8     ! :   22.30   ! !     73.60: 57.20  • !     1.90    : .   7.95    , :   2.21       ; .823     : .     86.0 

4   i .     120     i !   3000     i !   54.00 Í   16.6     ¡ !  25.50  ■ : -  74.70: 55.60 !     l,-86     " ,.    8.35     . !  2.18       : .     .797     ! i     86.5 

5   : 222 !  5550     j 101.50 !   15.95   : ,   22.80  : 134.75; 104.05   • 1.88     : 8.75 :   2.62       : ,     .745     ! 72.0 

6  : 114     i 2850     i 49.58  ■ .   17.4     : 13.85  ! 72.03: 62.05   ; 2-.18     : 7.95  ,i ,   2.78-      : .817     : 78.5 

7  : 90     ! 2250     : 45.92   ! 17.8     : 18.40  j .    68.20: 55.66   ; 2.47     : 7.95     ! 2.75       : .918     : 89.8 

8   : 108     : 2700     : 55.03  ^ .   16.2     ': 22.70  ! 74.20: 57.34   : 2.12     : 9.07     : 2.71       s ■ .833     ! 78.2 

9    ! .   Í20     i .. 3000    ■! 56.50  - I   16.15   ! .   20.10  ! 76. 2u.: 60.90' ; 2.02     ! 9.42     : 2.68       : .     .752     ! 78.3 

* Corrected txr  original wei 
** Efficieney of Extraction 

ght. 
Ä > resih-free rubber^ total weight basis       ^ 100» 

Analytical fo  benzol "extract, toral wex^nv .oasis 



III-TABLE V 
PILOT PLANT PRECIPITATION 

B  E  F ORE P R E C I P I T A  T  I ü N 
,  Ratio Total Lbs.of 

%    - Crude Gals, Tota-l Lbs. Lbs, of 
Total . t        . Rubbsr - of Solids Rubber Resin  Acetone to 

Run No.  ; Solids   ¡ Resin   ! ,Lbs,   ; Solution ; , Per Gal.  ¡ In    ! In ! Solution 
1    i 18=.7   ; : 17,1 . ; 12.1    ! 7.75 - ! 1.56   ! 10.04  ! 2.06  ! ,  . 4,13 . 
2    : 15.1     ! 17<,9   , 25.6   ; 20.35  ! 1.28   ! 21.1   1 ..  4.6   1 :  3,94 
3       ! 16.4   ! 15.2  . i 28,3   : 20,7   ! 1.37 24.0   ! ;  4.3   : :   3.87 
4 !  16.4 :   16.2 . ■ ¡    24.6   ! 18.0   : ,  1.37 !  20.9  .! 3.7 :  4,45  . 

5      ! 19.05  ! 13.4   ! 48,7  ; 30.66  ■ ; 1.59   ! 42.2   ! 6.5 !  4.00 

6    i 14.5 í  23.4   ! 48.0  : 39.75  '! 1.21   : 36,8   i ,. 11.2 ;   3.02 

7      ! 16.9 :  24.9   ! :    51.4   ! 36.5    ; 1.41 :   38.6   ! 12.8 :   2,18 

8      ! !  14.0   i 5.7  . - !   65.5  ! £6.0    ! !   1.17 !  61.7   i 3.7 .  - :  .0.65 

9      ! 20.6   ¡ • 20.4  . ! !   .61.8  : :   36.0   ¡ !   1.72    ; 49.3   ! ,  12.6   ! .  .2.22 

10    i 15.9   ! !  '20.8 ¡   48.5  ! 36.5    : 1.33   : 38.4   j 10.1 "  : .  .2,20 

11 :  15.5   ! ,  30.3   ! !     -51.7    ! :  40,0   ! 1.29 !   36,1   i . 15.6 !  2.00 

12      ! !  15.7   i 1  24.8   ! 50,3  ! 38,5   : 1,31     ! ;■  37.9    : Í . 12.5 !  2.00 

15 !  16.3 !  20.2 !   ,49.5 • Î 36.5 :  1,36   ! !   39.6 :  10,0 :  2.00 

14    i ;  17.65  i :  12.7  . ' !    58.1 ■ ! í  ?9.5 !  1,47 t   50.7   i ¡ . 7.4 :  2.00 

15       ! !  20.0 !   11.5  . ■ .37.0 ■ ■ !   22.2    ; 1,67 !  32.8"   ! 4.3 :  2,00 

16 !  17.6 !  18.75 . , !   57.6  1 í  39.75  ^' i  1.465 :  46.8 ! , 10.8 !  2.00 

17    i !  16,4 !  23.8  . i !   51,8 :  58.0   ¡ :  1.36 :  59.5   ! . .12.3 !  2.00 

18    ¡ :  15.7 !  "19,8 t   88.4 !  67.5   ! !   1.31 !  7Q.9   1 ! .17.5 !  2,00 

. 19 !  17.65 !  19.3 !   33.8  ■ !  23.0 !  1.47 :  27.3   i ¡  S. 5 Í  2,00 

20    i !  12.65 f   17^4 !   42.2 !  ^.0.0 :   1.055 :  34.8   ! r  7.4 :  2,00 

21 !   11.3 :  15.5 !   39.6 !  <2.0 :  0.942 :  33.5   i Í  6.1 :  2.00 

22 !  19,75 !   7.3 :   72.4 !  44.0 !  1.65 Ï  67.1 !  5.3 :  2.00 

M 
M 
M 
1 
• 
03 



III-TABLS VI 
PILOT PLANT PRECIPITATION 

AFTER PRECIPITATION 

Lbs.  of Lbs, Lbs. % 
%■    ■ % Tot.  Solids Rubber Resin Rubber 

Run No, ¡Total Solids: !       Resin :       Crals. :     Per-Gal. :          Oirb :         Out :     Recovered 

1 :         14.4- t         3.5> :          9.5- :         1.20 :       11.0 :       ,0.4 :            106 
2 :         13.6 :         2.9 !       18,0^ :         1.135 :       19.8 :         0.6 ¡              94 
3                    ! 14.8 !          4,0-          ; !       19.5 :         1.235 23,1 :         1.0 !              96 
4 :         13.5 !         3.7 !       18.7 !          1.13 :       20.4 !       .0.8 :              98 
5 ;          15.4 :         3,9 ■       32.3 !         1.28 :       39.7 :         1.6 !   .          94 
6             : 13.3 !         6.0 !       34.0 :         1.11         , !       35.4 2.3 !   .          96 
7 !         14.7 !         6.1- !       31.4 !         1.23 36.2 !       .2.4 !   .          94 
8 !         12.3 :        ,4.9 !       57.0 !         1.03 .       55.5 :         2.9 :  .          90 
9 !         13.8- :          5.1            ! :       28.0 :         1.15      : . :       30.7      .    , :         1.6           i :   .          62 

10                   ! !         12.8- :         4.7 32.0 !         1,07 :       32.6           ! ,       .1.6 !              85 
11                   ! 12.9- !          6,2            i !       29.0           ! 1.076     . ! 29.3           ! 1.9           1 !               81 
12                   ! 15.5 !             3.2                ! 28.5 !             1.29             ! 35.6 :         1.2 !  ,          94 
13                   ! 14.65 !          3.4 32.5           ! 1-.22 !       38.2       .    ! .  1.4                 ! !              96 
14 !         19.6 !  .      3.3 !       31.1- î         1.63 !       48.9 !          1.7 ! .          96 
15              ¡ .     ■   16.9- !    ^        4.1                ! 24.0 !          1-.41 !      .32.4           ! .1,4 :              99 
16              ¡ !         18.05 !    ■■         3.0-                ! !•      31.4- :         1-.505 !       45.8           ! .        .  1.4              ! !  .          98 , 
17                    ! 15.9' !         4.4-           ! 29.0           i I         1-.325       î :       36.7      ;    ! 1.7 ! .          93 
18                    ! !         18.15 !         5.0 !       49.0           i !          1.51 70,5           ! .3,7 : .          99 
19 !         16.75 !         5.4 !          20.0                ! !         .1.40 ■: :       26.5           ! !          1.5 .       •      97- 
20 !         15.0 !         2.7 !       25.0 !         1.25 30.4           ! 0.8             ; - 

, 21              i !         15.2 3.0           5 26.0           : l,2ß7       ! :       31.9           ! 1.0 !      .      95 
22 !         15.65 :         3.8           ! ¡       51.0 !         1.305 ,      .64.1 !          2.5 !             96 

00 
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Solvent Loss^ For the 28,350 pounds of screened imteriaX processed, the 
average solvent loss per ton was 38^6 gallons of acetone, and 32.7 gallohs 
of benzol. The best solvent loss figures obtained for any one week^s 
operation were 32.6 gallons of acetone and 13.0 gallons of benzol per ton 
of raw material extracted. These figures include the losses occurring 
during the operation of the extraction unit, precipitating lonit, and 
fractionating unit. In accounting for these solvent losses, it may be- 
stated: 

1. For the extraction-of a ton of goldenrod raterial, approxi*- 
mately 8000 gallons of acetone and 4000 gallons of benzol were 
recirculated in the extraction system. 

The design of the vent condensers could no  doubt have been , 
improved to:provide more condensing surface and, if necessary, 
refrigerated water also could have been used. Venting through 
an absorption system might also have been more effective. It 
is felt that solvent losses tlirough the vents accounted for a 
considerable portion of the total, and improvements which were 
contemplated for future installation would have resulted in 
lower loss figures. 

-2» The system contained several hundred valves, and although 
these valves were carefully maintained, some valve leaks did 
occur. 

3« Gasket leaks are also included in the above solvent losses« 
The vegetable fiber raterial (Pac-Oil) used for gasketing the 
extractors was satisfactory, provided it \m.s  either coated with 
.starch glycerine compound or painted with a vegetable oil after 
each extraction. On an average, one of these gaskets for the 
extractors lasted for 6 to 8 complete extraction cycles« 

4« Ten to twelve gallons of solvent, containing A% tO"7^ ace- 
tone remained in an extractor at the completion of the benzol 
draining period.  Since the recovery of this solvent was 
accomplished by directly steaming out an extractor, condensing 
the vapors and removing the water from the benzol by means of 
a separator, much of the acetone contained in the benzol was 
lost, in the water routed to the. sev/er from the separator» For 
each ton of goldenrod material extracted,. 275 to 300 gallons of 
solvent which contained 10 to 20 gallons of acetone were processed ■ 
in the above manner.  The distribution of the acetone between- 

- the water and benzol depended upon the .quantity of ivater 
separated' from the benzol.  However, for a ton of goldenrod 
material processed, it is likely that a great portion of this 10 
to 20 gallons v-as lost in the Y/ater coming from the separator« 

Improvements in handling that portion of the benzol miscella con*-• 
taining the acetone remaining from the acetone cycle and other 
improvements in fractionation and in the benzol cycle y^^ich might 
have provided IOO70 benzol for the final stage of benzol extraction 

over 



■ were contemplated which would have eliminated much of this acetone 
loss» 

5# The amount of solvent loss in the, precipitation process \ms 
between 6 and 8 gallons of acetone-benzol for processing the 
amount of rubber obtained from, one ton of goldenrod material. 

The precipitation step was carried out in equipment that was on 
hand, and modified for the purpose«  It was not wholly vapor- 
tight and there was room for considerable improvement, in this 
part of the process for reducing solvent losses. 

All of the runs made in the pilot plant should be considered as 
"warming up" or training operations. Thé operations were of 
sufficient duration to produce some  rubber and to get some idea 
as to the workability of the process employed. 

This preliminary operating period would normally have been follov/ed 
by revisions in equipment and procedure, and additional operation 
until predetermined standards of performance i/ere reached or 
definitely established as unattainable.  This stage of the pilot 
plant operations ims never reached. 

Operating Coste The program for the production of goldenrod rubber in 
large quantities contemplated the use of existing industrial v/ood rosin 
extraction installations.  Pilot plant development work carried on at the 
Southern Regional Research Laboratory was performed with the dual purpose 
of determining the suitability of the acetone-benzol extraction process, 
and to obtain experimental data which would be useful in estimating 
operating cost for a full scale plant. 

The estimated posts for industrial production of goldenrod rubber 
would be approximately |16.40 per ton of goldenrod leaf material, 
processed by a procedure similar to the one used for pilot plant work. 
Steam, power, and labor are included in this figure for the procuring 
step, but not the precuring chemicals.  The weight of rubber produced 
is that of,the rubber hydrocarbon on a resin-free basis, and does not 
include the weight of precuring chemicals« The proposed industrial 
extraction plant contains an extraction battery of sixteen extractors, 
each Y/ith a working capacity -of approxim^ately 425 cubic feet.  It ^vas 
estimated that one ton of goldenrod leaf material would yield approxi- 
mately 100 pounds of goldenrod rubber and 350 pounds of acetone extract. 
The estimated cost of |5l6.40 per ton of goldenrod leaf material repre- 
sents only the operating cost and does not include the raw material 
cost,  or allowances for original investment, amortization, depreciation, 
taxes, or maintenance. 

A breakdown of the operating cost is given in the folloY/ing table» 

Any value returned from the sale of the acetone extract or materials 
recovered therefrom can be credited to the extraction cost figures. 
(See Section XVII.) No such credit was taken in the extraction cost 
figures here reported. 
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III-ïiiBLB VII 
OPERATING COST POR PROCESSING THE RUBBER 
FROM ONE TON OF GOLDEI-TROD LEâF MATERIAL 

Quantity Rate Cost 

Electrical power - Kilo-watt Hours        ! .  95.0 ¡10.005  . . $  0.48 
Process Steam - 1000 Pounds !  18.5 : 0.30  ! 5.55 
Cooling Tía tar - 1000 Gallons .  63.5 : 0.02 !  1.27 
Solvent Loss - Acetone - Gallons !  10.0 ! 0.46  ! !  4.60 

Benzol - Gallons      ; 10,0 ! 0.15 1-  1.50 
Labor !  3.00 

. ÍI16.40 

Check of Possible Health Hazards^ During the period of continuous 
pilot plant operation most of the personnel engaged v/ere examined every 
two weeks at the Marine Hospital to chock possible effects of exposure to 
vapors of the solvents used.  The men were first given the necessary 
preliminary medical examinations, including blood counts, before being 
exposed to conditions in the plant. All possible precautions were taken 
to prevent leaks, to provide ample ventilation, and to maintain a minim-um 
inventory of solvent inside the plant, bulk storage being in the under- 
ground tanks. Analyses of air samples taken during typical operating 
periods shov/ed a very low concentration of solvent vapors locally, and 
none detectable in most parts of the plant, No ill effects were 
detected in any case by the medical examinations, and iirith proper precau- 
tions the process should not present any serious industrial health hazard. 
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IV-VULGAIIIZATION, TESTING, AND PRQCBSSIMG 

From the outset of the work on goldenrod rubber it was essential to 
study the chemical behavior of the material obtained by extraction, 
particularly with respect to its vulcanization reactions, and to deter- 
mine physical properties of the raw material and especially of the 
vulcanizates* The objective of the project being the production from 
goldenrod leaves of material that.would serve as a replacement or 
extender for hevea rubber, control and direction of all the experi- 
mental work in both laboratorjr and pilot plant wore dependent upon vul- 
canization and physical testing of its suitability for rubber factory 
processing and utilization* Rubber from goldenrod was known to be 
chemicalljr at least similar to that of Hevea brasiliensis, and the 
infrared absorption* and X--ray pattern measurements (Section XVl) soon 
confirmed the essential structural units to be cis-isomer polymers of 
isoprene, however, the two rubbers differed markedly in physical 
properties• The viscosity of goldenrod rubber solutions averaged about 
0.7 centipoise contrasted with values of 1.8 to 2.4 centipoises for 
hevea smoked sheet and pale crepe respectively at the same concentra- 
tion« Goldenrod rubber is more readily soluble in benzol and other 
rubber solvents than hevea, and requires larger proportions of non- 
solvents such as alcohol and acetone for pre.cipitation; a relatively 
small fraction is obtained on fractional precipitation, which has an 
intrinsic viscosity approaching the average for hevea, while a wider 
range of intermediate and low viscosity fractions are present in the 
goldenrod rubber. These results are discussed in-detail in Section 
XIII, and are indicative -of a lower degree of polymerisation of the 
cis-isoprene units in goldenrod rubber.  In addition, as shown in Sec- 
tion XVI, X-ray examination of the product from goldenrod revealed a 
constituent, which may be present in minor amount, which is crystalline 
in the unstretched state in both the raw and vulcanized rubber; the 
X-ray crystal•spacing of this substance are not those of the trans- 
isomer, gutta-percha.  It may be a non-rubber constituent, or may be a 
poly-isoprene fraction with a different stri;ctural arrangement, such, 
as a mixed cis-and trans-isomer pol;^nner or a, "Jnead-to-rhead" polymeriza»- 
tion of isoprene units. • . -..- 

Prom the practical standpoint the raw product obtained by evaporating 
the benzol extracts in vacuo resembled raw.hevea rubber only slightly. 
It was a very soft, sticky, greenish black mass, which would stretch 
slightly but had no appreciable strength oi; plasticity in this state« 
It softened almost to fluidity on heating,^ and stuck to both rolls of a 
mill where the slightest ivarming, especially with added chemicals,* pro- 
duced a paint-like mass that could be removed only by use of a doctor 
blade.  The raw material presented almost insuperable difficulties in 
handling even on a laboratory scale, and the handling of large lots in 

♦"Differentiation of Rubber and Gutta Type Hydrocarbons in Plant 
ly^terials," S. B, Hendricks, E. J# Jones, and S. G. Yfildman, manu- 
script privately communicated to us, pending publication. 

over 



the pilot plant and for shipment evidently would be practically impossible 
except as a benzol miscella, or '^cement," Earlier workers had produced 
vuloanizates of the rubber purified by the Edison method referred to in 
Section I, but the highest tensile strength obtained on those samples 
which could be milled was about 900 pounds per square inch.  It v/as there- 
fore questionable at the beginning whether this rubber could be vulcanized 
in such a way as to produce vuloanizates of any practical value« 

Preliminary Experiments#  In the earliest part of the work, samples 
weighing only a few grams were available. The first experiments consisted 
of heating this extract, from which benzol had been removed as completely 
as possible, with sulphur to deter ine whether the combination Had any 
of the properties of a thermosetting plastic such as rubber♦ - B;r cheating 
with lOfo  sulphur in an oven at atmospheric pressure for four hours at. 
290^ F., it was found tloat the soft, sticky extract could be converted 
into a hard, non-sticky product which resembled vulcanized rubber* This 
product possessed some elasticity and much more strength than the un- 
treated extract. Small supplies of commercial accelerators were received^ 
and about 20 g. of mercaptobenzothiazole were sjmthesized prior to 
delivery of the commercial grade of Captax, so that it v/as now possible 
to study accelerated vulcanization using less sulphur. The following 
stocks ?/ere prepared: 

Formula Ho, 1 2       - 
Rubber - parts 100 100 
Stearic Acid - parts 1 3 
Sine Oxide.- -parts 5 10 
D.P.G.*- parts 1.5-5 m^ 

Sulphur - parts 3-7 10 
Captax** - "parts - 1 

* - Diphenylguanidine 
**- Mercaptobenzothiazole (also sold as Thiotax) 

It was observed that one and one-half parts of D.P»G. ivere inadequate 
for proper vulcanization where the sulphur content v/as lov/er than seven 
parts. Even mth the D.P*G. content raised to three parts, curing 
periods of over one hour v/ere necessary. By using formula No. 2, a well 
vulcanized product v/as obtained by heating for thirty minutes at 290^ F. 
Molds of an improvised design v/ere next constructed in the Southern 
Regional Research Laboratory shops, and a small Carver press with elec- 
trically heated 6" ^square platens was available for vulcanization under 
pressure. Using Formula Ho. 2, except with the sulphur .content decreased 
from ten to seven parts, a-much better product i-vas obtained by curing at 
290 F. and 2000 p.s.i. for thirty minutes,       ^   > 

It was realized that this formulation was far from optimtJim. As soon 
as better testing equipment was available a more thorough investigation 
of low sulphur stocks v/as begun.  Formula l\To# 3, which follows, and 
which is recommended by the American Society for Testing lfe.terials for 
evaluating natural rubbers, "vvas found to be entireljr unsatisfactory. - 



IV. Fig. 1.  Improvised tensile testing apparatvis used for early work, prior to 
delivery of Scott Tester. 
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Formula ilo. 3      4-5 
Rubber - parts 
Captax - parts 
Stearic Acid - parts 
Zinc Oxide - parts 
Sulphur - parts 
Resin D - parts 

Further investigations revealed that by increasing the stearic acid 
content to three parts, as shown in Formula }Jo. 4, it ms' possible to 
vulcanize goldenrod rubber at 260° F. and 2000 p.s.i. in ninety ninutes 
mth this lovrer sulphur content.  By raising the vulcanizing tenperature 
or increasing the sulphur content, or by using a booster accelerator 
such as zinc dimethyl dithiocarbamate, the time of vulcanization could 

■be reduced.  Increasing the amounts of both the stearic acid and the 
Captax, as shown in Formula No. 5, resulted in reasonably good cures in 
one hour at 260 F., therefore this formulation v/as used' in evaluation 
of routine samples with the results shown in Table I. ■- .-• 

Tests of Various Samples Vul 
and Elongation Det 

IV-TABLE I 
canized with 
ernined with 

Curing 
Temp. 

260 
260 
260 
260 
260 
260 
260 
260 
260 
260 
260 
260 
260 
260 
260 

Curing 
Time 
Mins. 
60, 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

Max. 
Tensile 
Strength 
p.s.i,' 

P'ormula No. 5 - Tensile Strength 
Improvised Tester 

705 
1120 
287 
868 

1175 
684 
947 
379 
858 

1260 
1050 
1350 
1270 
1060 
1125 

Ult, 
ülong, 

7' 
550 
600 
325 
600 
700 
550 
575 
350 
575 
750 
625 
675 
800 
625 
700 

Remarks 

Pilot Plant Run 
It 

Shipment No, 
11     II 

TT-'lj acetone precipitated. 
#1; 
drying experiments. 

Pilot Plant 
Shipment No, 

#1; acetone precipitated. 
drying experiments. 

lî 
2j 
4{ 

Run 
5; 
6; 
7; 
8} 
9; 

10; 
llj 

"     ."  12 j   "        " 
Pilot Plant Run #3; acetone precipitated 

II 

II 

II 

It 

II 

II 

II' 

II 

tt 

Improvised Tensile Test Apparatus. .Under the existing emergency 
conditions delivery of a standard Scott testing machine s\iitabíe for 
rubber specimens %vas delayed, ;ret it was urgently requirqd to make at 
least approximate quantitative neasurem.ents 'of tensile strength as a 
guide and control for the experimental work.  T^TO clamps were made to 
hold the ends of a dumbbell-shaped rubber specimen, one being attached 
to a spring balance graduated in pounds and ounces, and the other to a 
sand bag. Sand was then slowly poured into the bag, the distance 
between bench marks on the constricted part of the rubber specimen and 

over 
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the simultaneous weight in pounds on the balance being recorded at 
intervals.  From these measurements it v^as possible to calculate rough 
values of ultimate elongation, .tensile strength, tensile product, and 
modulus at any specified elongation*  This apparatus was cumbersome and 
yielded uncertain results, as difficulty was encountered in pouring in 
sand at a uniform rate, but it served to indicate the order of magnitude 
of the strength of some of the early vulcanizates. 

Much better results were obtained more conveniently and rapidly with 
the improvised dead weight pendulum type apparatus shovjn in Figure 1, 
which was improvised from parts already available and built at the 
Southern Regional Research Laboratory.  In this apparatus one clamp was 
attached to a strip of cloth v/ound over the wheel revolving on ball 
bearings to reduce friction, A pendulum arm attached rigidly to this 
wheel carried adjustable weights and was followed on a graduated scale 
in its upward movement as it v/as raised by tension on the specimen* 
The scale v^s calibrated by use of dead ?/eights.  The specimen yrds 
pulled by the second clamp attached to a tape which was v/ound on a motor 
driven shaft geared to move this clamp at a rate of 20" per minute*  The 
essential requirement met by this apparatus was the uniform rate of 
extension of the specimen.  This apparatus v/orked very satisfactorily 
and was found later to give essentially the same results that could be 
obtained with a standard Scott tester. 

Solution Compounding Procedures. With more accurate and reproducible 
methods of measuring physical properties, the study of vulcanization and 
the evaluation of samples was facilitated, hov/ever', results were still 
erratic as maybe seen in Table I*  Tensile strength values varied 
between 287 and 1350 p,s*i., and ultimate elongations between 300^ and 
.725%.     These erratic results were undoubtedly due to the softness of the 
stock which made proper milling impossible.  The consequent poor disper- 
sion of compounding ingredients produced spotty vulcanization, resulting 
in points of v/eakness.  In addition this soft stock did not have the 
proper mold flow characteristics which caused air to be trapped in many 
of the samples as evidenced by the presence of small bubbles in the 
finished products. 

The first experim.ent to produce better chemical dispersion involved 
the use of sulphur monochloride.  Two parts, based on the rubber content, 
of sulphur monochloride were added to a benzol solution of rubber and 
the solution evaporated.  This material v^as stiffened considerably by 
reaction ^vith the sulphur monochloride. Chemicals were milled in on 
mixing rolls to give the final compo^onded stock sho^vn below as Formula =¡¡=6: 

Formula No, 6 
Rubber ""100 (Parts) 
Sulfur Mono- 

chloride 2 
Flsctol H 1 
Captax 1 
otearlo Acid 5 
Zinc Oxide 6 
Sulphur 2 
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The resulting vulcanízate was freer-of spots and had a better general 
appearance than previous vulcanizates• From this promising lead it 
seemed probable that other chemicals could be dispersed thoroughly in 
the rubber by dissolving in benzol.  In the next experiment stearic 
acid, sulphur, and Flectol H were dissolved in benzol and added to the 
rubber solution, and the benzol removed by evaporation. Captax and zinc 
oxide were milled in on mixing rolls to give the same formulation as 
No# 5.    A still better product was obtained on vulcanization although a 
few spots could be detected.  Since Captax is also soluble in benzol 
the next logica^l step was, the addition of all the chemicals in a 
benzol solution, but the zinc oxide, which is insoluble in the solvent, 
could not be added in this form. As zinc oxide is required as an 
activator of the'accelerator in vulcanization, it -vyas desirable to have 
at least a part of it effectively dispersed, and this v/as not possible 
on .the mill. Some zinc oxide could be added in solution as the stoichio«- 
metric equivalent of the five parts of stearic acid, by addition in the 
form of zinc stéarate which is soluble in benzol. îJo stéarate v/as added 
as the free acid in this procedure. The formula used for tins  solution 
compounding method was as follows: 

Formula Ho^ 7 
Rubber      100 parts 
Sulphur     5*5 '^ 

. Zinc Stéarate5#5 " 
Thiotax     1.0 ^* , -  . ■ 
Flectol H   1.0 '^ 

The resulting vulcanizate was entirely free of spots and xvas very 
elastic but extremely weak.  To a portion'of this material 5".'5 parts of 
zinc oxide were added by milling, in addition to the zinc stéarate.  The 
resulting vulcanizate v^s free of spots and bubbles, and.the tensile 
strength of a sample cured for forty minutes at 260 F. y/as 2020 p.s.i.' 
at an ultirmte elongation of IbO^»    Stress strain curve determinations 
showed that this''type of stock v;as flat curing between, t^venty and sixty 
minutes at 260*^ F.  By adding 0.5 part of diphen3flguanadine (DfP.G.) 
on the mixing rolls it was possible to make a tighter cure v/ith much 
higher tensile strength. Using this booster accelerator a sample "ivas 
cured for thirt^r minutes at 260^ F., which gave a tensile strength of 
2870 p.s.i. and an ultinate elongation of 525>o. 

With this solution method of compoimding more consistent physical 
tests could be obtained on routine samples. An inevitable result of 
this procedure was that heating of the fulljr compounded. rubber to 
remove benzol effected some vulcanization or "precure" of the rubber. 
The mixtures were, in fact, heated for some time after benzol i^s •- ' 
com-pletely removed to effect precuring to a consistency that v/ould mill 
satisfactorily, however^, the material v/as" found to vary widely/ in stiff- 
ness or-firmness from sample to sample, and conseqxiently to behave 
quite differently on subsequent milling. One of the factors causing 
this variation in consistency v/as the acetone soluble resin content 
of the rubber samples v/hich varied .over a wide range, fihd affected the 

over 
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extent of precure, so that it y/as impossible to standardize on the 
length of heating after removal of the benzol« 

Purification of the rubber by precipitation with acetone reduced the 
resin content, and resulted in somewhat more uniform precuring from one 
sample to the next, and better milling characteristics. Each sample, 
after vacuum evaporation of the benzol, could be heated in the steam • 
jacketed glass vacuum pot for a sufficient length of time so that the 
product could be stripped readily from the glass, but the individual 
samples were not uniformly precured throughout the mass* The portions 
nearest the glass were over cured, while the top layer -was still 
excessively sticky and had very little cure.' This v/as largely due to 
the very inefficient transfer of heat in the quiescent, viscous mass, 
and may also have resulted from the separation from solution and set'- 
tling of one or more of the chemicals necessary for vulcanization v\rhila- 
the benzol was being evaporated« Further improvement of the method was ' 
difficult if the precuring temperature was limited, to 200^ F. or less, 
as it was in the glass pots heated by atmospheric steam, for precuring 
at this low temperature required addition of the full amount of sulphur, 
accelerator, and activating agents. At higher temperatures the extent 
of precure could be controlled by li-miting the amounts of chemicals 
added, at the same time producing an intermediate product \vith a composi- 
tion permitting some latitude in the" choice of formulation for processing 
and final vulcanization. An equally important consideration was the fact 
that the pot precuring operation did not lend itself to adaptation to 
pilot plant, or large-scale production; vacuum driers, if obtainable at 
all, would be expensive and inefficient,, and removal of thé best precured 
preparations from metal drier trays would be laborious and uneconomical. 

Precuring in Mechanical Mixer (Laboratory Banbury Mixer). A small 
Banbury internal mixer, with steam heated sides and blades, heiving a 
capacity of approximately 300 grams of rubber, v^as used to provide 
continual mixing and uniformity of thé material being precured. The 
solution, containing both the rubber and compounding chemicals, was added 
gradually while benzol was-evaporated at atmospheric pressure, after 
which the temperature was increased and the rubber precured for the re- 
quired length of time.  The general procedure used in carrying out these 
Banbury precuring experiments was as folloivs:  approximateljr 1800 JUL. of 
benzol solution, containing 300 grams of rubber and the required propor- 
tions of chemicals,were slov/ly poured into the heated mixer and the 
benzol vapors allowed to escape with no attempt being made to recover 
the benzol at this stage. During the first eleven runs the steam 
pressure in the jacket was kept at 20 to 40 poxmds gage v/hile the solu- 
tion was being fed into the mixer. Temperature at this time ^vas   " 
measured by means of a thermometer dipped into the mixture. A thermo- 
couple was later installed just above the blades and a close, check on " 
temperature during the entire operation was possible. ' In r^ins 12 to 
23 the steam pressure in the jacket ''.Ajas held to less than five pounds ' 
gage until all of the solution had been added to the mixer, .after 
which it v^s increased according to the temperature desired. . 

The preliminary Banbury runs indicated, among other things, that: 



(1) less precuring chenicals could be used at the higher procuring 
temperatures attainable in this apparatus by using steam at higher pres- 
sure than atmospherioi (2) carbon black alone did not materially set or 
dry up the rubber; (3) poor dispersion of zinc oxide and carbon black 
generally resulted if added before the rubber -was properly set up.  The 
graininess resulting from poor carbon and zinc oxide dispersion could 
not be overcome by milling on the rolls.  This graininess was, of course^ 
more pronounced if a compressed carbon black was used; and (4) a good 
quality of procured rubber could be produced in the laboratorj^ by this 
means. As it vms realized that in order to give this procured golden- 
rod rubber as much latitude as possible for final compounding, an 
investigation was begun to determine the minimum amounts of procuring 
chemicals necessary for the preparation of a stock suitable for milling 
and easy handling• 

These Banbury precuring experiments were all made on rubber extracted 
from the 1942 crop or similar leaf material which contained but a small 
amount of non-leafy material such as bloom and sterns^  By making a 
number of trials with different combinations of sulfur and accelerators, 
with the other chemicals as well as the operating conditions remaining 
constant, the following proportions were found to produce a satisfactory 
precured stock, from goldenrod rubber of low resin content: 

Formula Not 8 
Rubber 100  Parts 
Sulfur 0^6 " 
Thiotax 0.75 " 
D.P.G. 0.3  '^ 
Zinc Stéarate 5.5 " 
Zinc Oxide 5.5 '^ 

In most of these inans, all or a part of the carbon black v/as added 
in the Banbury mixer at the end of the run after the material had set 
up.  The zinc oxide was likewise added at this time and appeared to 
disperse well unless the material //as' quite soft.  Table II gives the 
information on these Banbury precuring runs as to chenicals added in 
the mixer and on the mill, time and temperature of precuring, combined 
sulfur, consistency of the stock, and rv^sults of physical tests on the 
vulcanizates. ''iith a few exceptions, the total amounts of chemicals 
added for final vulcanization are the same with variation only in the 
portions added in the mixer.  Exceptions to this are runs 1-5 in which 
no D.P.G. was used, and also runs 21 and 23 in v/hioh a different 
accelerator, OXkF,   v'^^ich is the zinc salt of mercaptobenzothiazole, was 
employed in the hope that the formula could be simplified by omitting 
the zinc stéarate.  The stock produced with OXAF, hoi/ever, did not 
possess good strength or handling characteristics. Run No. 7, in which 
all of the chemdcals except 2.5 pÇ4*i?S. of sulfur v/ere added to the benzol» 
solution likewise did not produce ja'satisfactory product. 

The tensile strengths reported are for tread stocks in all but a few 
cases for which gum stocks were used as shown in the tabulated formulas. 
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Maximum values of 3000 p.s.i« and over v/ere obtained on the better tread 
stocks while less than 1800 p»s»i. were obtained on the fev\r gum stocks 
prepared. 

The values for combined sulfur varied from 0*20Jo to 0^67^, and while 
no definite value could be given as suitable for all stocks, it may be con- 
cluded iircma consideration of the handling characteristics and physical 
tests that the combined sulfiJir for precured low resin rubber should be 
approximately 0»5/5,  Other factors being equal, precured rubber xvith 
higher combined sulfur, while possessing good milling characteristics, 
will not develop as high maximum tensile strength. By  limiting the 
amount of sulfur added in the precuring step to 0.6 parts and the 
accelerators to 0.75 Thiotax, and 0.3 parts D.P^G., it was possible to 
obtain the desired values of combined sulfur with minimum control in 
heating» 



IV-TABLE II 
SVmiSkRY OF Mí;BüRY PRECURIKG ELXPIíRIMENTS 

Run Number                     ' I              î !      2 :     3     . 4 ¡      5 
Added -.Added : Added Added ¡ Added : Added : Added Added : Added ■ • Added 
in   :   on       : in on  : in  : on  : in on  î in on 

îîixer :Mill  : !äxer ; lull  : ■Mixer ; îîill  : Mixer ! Mill : Mixer . Mill 

Rubber (1 p. Flectol H)     Parts: 100*0 :     î 100.0 ! 100.0 : 100.0 100.0  ! 

Flectol H (Additional)        "  - 1.  :     î 1. ,  1.  . 1.   ! 1. 
Sulfur                     " .Î 3.5 :     î 3.5 ' 3.5 ! 3.5 ! 3.5  ¡ 

Thiotax                     "  Î .  1.  :      : ,  1. 0.5 ! 0.5! 0.5 .  0.5 ¡  0.5 

D.P.G.                      ^^  Í • < 
# 1 

t 

Zinc Stéarate               "  : 5.5 î     ! .  5.5 ! 5.5 • 5.5 ,  5.5 

Zinc Oxide                  "  î 5.5 : :  5.5 • 5.5 ! ! 5,5 ¡  5.5 

Carbon Black                "  î 40.  :     ! ! 40. ■ -  ■ - ¡  40. 

Grade of  Black                 î Kosmobile 66 j , Arrow Black ' < .Kosmobile 56 

Time in Mixer (Total Mins.)      î 90     ! 185    1 110     ; 120 ¡      97   • 

Precuring Time (kins.)           { , ! , - !      57 

Procuring Temp, - ^F.                             \ ! 208    ! 230    : 230 ¡     225 

S Combined in Precure - % !      —         ! !        —        ! î           —           * ■• '      ~ 

Consistency of Stock            i ¡Grainy, soft,- ¡Grainy, soft. ¡Slightly ►Non-grainy, ¡Soft and non- 

land sticky' ¡and sticky ¡grainy, non- ■ 
¡  sticky 

inon-sticky i   •sticky 

Opt, Cure @ 260^ F•-Mins* :   80 !    80 ¡     30 ' î     * !      80 

Tensile Strength - Lbs./sq. in» !  2195 ¡   370 ;   1605 :    2060 

Ultimate Elongation - % !  600 I         250  '  ■ ¡    725 !   • 590 

Ulodulus 500^ - Lbs./sq# in* 5  1645 ¡    - :     - :   • 1605 

State of Cure, T-50 - ^G. : ¡    - " ► : " 

*  Sent to IJ.   S.  Rubber  Company 
(Table  continued) 
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IV-TABLE II 
SUM'lâRY OF BAN BURY PRECURING EXPERIMENTS 

(Continued) 

Run Number :      6 ;     7 :     8 :     9 !      iü 
:Added :Added :  Adced :Added : Added : Added : Added: Added : Added :Added 
: in : on :  in ; on :  in :  on :  in  :  on :  in : on 
: Mixer ¡Mill : Mij:er ¡Mill : Mixer : Mill : Mixer: Mill : Mixer ¡Mill 

Rubber (1 p* Flectol H) Parts :100. ilOO. :100.  ■ :100.  : :100. 
Flectol H (Additional) !  0.5  • :  0,5 :  1.0 . !  1.0 : :  1.0 
Sulfur !  0.4  ■ .  3.1, :  1.0 !  2.5 :  1.0 • .  2.5 :  1,0 :   2,5 !   1.0 .  2.5 
Thiotax :  0.5  ! ,  0.5' !   1.0 i :     1.0 ! ^ !  0.5 :   0.5, !  0.5  , ¡  0.5 
B.F.a. !   0.3   ! ;  0.3 : :  0.3 ! :  0.3 : :  0.3  • 
Zinc Stéarate !  5.5  i **5.5 ! !  5.5 : .  5;5 : !   5.5   ! 
Zinc Oxide 5. ■ :  6.  ■ :  5,5 ■ .  5.5 : 5,5  ! 
Carbon Black 15.    ! 25  ; 40.  : . 16.7 ! 33.3 20.  î  30. ! , 10. • i 40. 
Grade of Black Micronex ; Mcronex !   Statex  ! Statex  ; !   Statöx 
Time in Mixer (Total Mins.) 180   i 75 :   •■ 60     : '55     ! 55 
Precuring Time (Mins,) 75   ! 5 !   15-20   ! 15+5    ! 20 
Precuring Temp. - ^F. 226   : 212     ! ■ "235     ! 252     ! 250 
S Combined in Procure - % 0.45  î 0.49    : 0.59    : 0.27    : 0.63 
Consistency of Stock Fluid and ,  : Grainy and.  ; Very dry,   : Soft, tacky, î Goody tacky. 

o very sticky : sticky   î little tack ! mod. sticky i ■not sticky 
Opt. Cure @ 260 F. - Mins. '     30   : '   20     : .30   ■  î ■ 20 
Tensile Strength - Lbs./sq, in,'  Î 1615   : 3090     ! 3450     ; 3125 
Ultimate Elongation - % 525 .  : 500     : ,600  ■  î 510 
îlodulus 500;^ - Lbs./sq. in. 1385   t 3090     : 2775     : 3085 

* State of Cure, T-Í50 - °C. - 1 Overcured  : -15     : -l-i r 

•** Stearic acid replacing zinc.stéarate (TaMle continued) 



IV-TABLE II 
SUItaRY OF BANBUIÍY PREGURING EXPERII/DMTS 

(Continued) 

Run Number 5      11 
:Added -Added 

:     12 
:Àdded :Added :Added 

15 
:Added 

:     14 
:Added :Ádded 

15 
:Added  t Added 

: m  : on : m  t on : in : on : in : on : in   : on 
: Mixer :Mill :Mixer :Mill :Iiixer :Mill :Mixer ¡Mill :Mixer  ; Mill 

KuDDer {i  p. ¿♦'iectol H)  Parts :1UU.  : :iUU.  : :"IOU. •iOÜ.  , . iuo. :  
Flectol H (Additional)    " :  1.  : :  1.  : :, 1.  ■ :  1.  ! 1. • 
Sulfur                  ^» :  0.75: 2.75 :  0.75:  2.75 :  0.75 : 2.75 !  0.75: 2,75 :  0.75.  2.75 
Thiotax .               »' :  0.3 : 0.7 :  0.5 :  0.5 :  0.5 ; 0.5 :  0.5 : 0,5  . :  0.5 :  0.5 
D.P.G.                  " !  0.2 : 0.1  , :  0,3 : !  0.3 : :  0.3 : 0.3 . 
Zinc Stéarate      '      " !  5.5 :     : 5.5 : :  5.5 : •  5.5 : 5.5 ■• 
Zinc Oxide          *    " !  5.5 :      ; 5.5 : .  5.5 : 5.5 : 5.5 : 
Carbon Black             »' : 50.  :20.  : 30.  : 20.  ; 50.   ; 50.  : 50.  : 
Grade of Black               î !   Statex  ! Statex   ; Statex  : Statex  : Statex 
Time in Mixer (Total Mins«)    • 75     Î 90     : 135    : 110    : 158 
Precuring Time (Mins.)         • 40     s 30  ■   ! 75    : 50    : 98 
Precuring Temp.- ^F#          : 255     : 241      ; 252    : 248    : • 282 
S Combined in Precure - fo               5 0.34    s 0.40    : 0.20   : 0.32   : 0.45 
Consistency of Stock          • Soft, tacky,: Grainy, soft; Slightly   : Non-sticky, : IJon-sticky. 

• • and sticky : anc* sticky : grainy, soft,: sticky on   : handled well on 
s and sticky : rolls    : rolls 

Opt.^ Curo @ 260° F. - Mins, 30 , 40     : 30 30    : 40 
Tensile Strength - Lbs./sq. in. ; 3205     : 2:320-    : '2905    • • 2800 2530 
ül"íiinate Elongation - %                   • 460     : 550     : 525    : 500    ; 475 
Modulus 500^ - Lbs./sq. in. -      : 2.130     : 2825    î 2660    : 
State of Cure, T-50 - °C.      : Overcured  î -12,2    î -16 .5   { : 

(Table  continued) 

<1 
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IV-TABLB  II 
SUMÄRY OF MNBTJRY PREGURING KLPERIÏIEIÎTS 

(Continued) 

Run Humber l^ :     17 18 L9 :     20 
:Added ¡Added ¡Added .Added ¡Added ¡Added ¡Added ¡Added : Added ¡Added 
: in : on ¡ in on : in ¡, on : in ¡ on :  in • on 
: Mixer ¡Mill :Mixer : Mill ! Mixer ¡Mill ¡Mixer ¡Mill ¡ Mixer ¡Mill 

Rubber (1 p. Flectol H)  Parts :100. ¡100. . ¡100. ¡I'OO. ¡ 1ÜÜ. 
Flectol H (Additional)   " :  1. :  1.  ; :  1. ¡ 1. ¡  1. 
Sulfur                 " :  0.6 - ¡  2.9 !  0.6 : .  2.9 ¡  0.6 i 2.9 ¡ 0.6 ¡  2.9 ¡  0.6 ■ \     2.9 
Thiotax                " ■ :  0.75 !  0.25 ,  0.75: 0.25 ,  0.75- 0.25 !  0.75 :  0.25 ¡  0.75, !  0.25 
D.P.G.                 " :  0.3 , .  0.3 : ■  0.3 ! !  0.3 ¡ !  0.3 : 
Zinc Stéarate'          " :  5.5 ■ 5.5 : 5.5 • .  5.5 ! !    5.5 ! 
Zinc Oxide              " !  5.5 : 5.5 : 5.5 : 5.5 ! 5.5 : 
Carbon Black            " ! 50.   ! 50.  : ! 50.  : 
Grade of Black !   Statex  ! Statex  ! ¡ Statex  ! . 
Time in.Mixer (Total Mins.) .158    ; 158    : 158    ! 158    î 158 
Precuring Time (Mins.) !     98    : 98    î 98    ! 98    ! f      98 
Precuring Temp.-°F» :    262    Î 268    ! 265    ! 248    ! 264 
S Combined in Precure - % Î    0.43   : 0.46   ! 0.67   ! 0.40   ! !     0.66 
Consistency of Stock ¡Non-sticky,  : Kon-sticky,  : Non-sticky, : Sticky and ! Non-sticky, 

.handled well ; hardled well : handled vrell ! soft    ! handled well 

-  •                               ! !  on rolls  î on rolls  ¡ ;.  on rolls -; on rolls 
Opt. Cure @ 260° F. - Mins, :     40    ! 40    ; 40    î 60   •! 30 
Tensile Strength - Lbs./sq. in. 2610    : 2550  . : 1790    i 1920    ¡ 1675 • 

ultimate Elongation - % 425    î 425    ! 650    ; 550    i 550 

Modulus 500^ - Lbs./sq. in. !     -     : - 550    î ' 1485    ! - 

State of Cure, T-50 - °C. 

(Table continued) 



Riin Number 

Rubber (1 p. Fiectol H)  Parts 
Flectol H (Additional).    " 
Sulfur , . ■ - ■  ." 
Thiotax " 
D.P.G, -       " 
Zinc Stéarate    .       " 
Zinc Oxide .   •" 
Carbon Black      - - ■';   " 
Grade of Black 
Time in Mixer (Total Mins.) ■ 
Precuring Time (Mina.) 
Precuring Temp, - °FÎ-, 
S Combined in Procure - % 
Consistency of Stock 

Opt. Cure @ 250° F. - Mns. 
Tensile Strength - Lbs./sq, in. 
Ultimate Elongation - % 
Modulus 500^ - Lbs./sq. in, . 
^tate of Ciare, T-50 - °C.   ^ 

IV-TÁBLE II 
SUilSiRY OF BAM iiURY SECURING EXIGERHÍENTS 

(Continued) 

* OXAP used as accelerator replacing Thiotax 
**Stearic acid replacing zinc stéarate 

21 
Added 
in 

î'îixer. 
iuo. • 

1. 
0,6 
*1.04 
0.3 

50. 

Added 
on 

Hill 

2.9 
0.15* 

4.0** 
5.5 

Cabot Ho.  6 
238 
178 
253 
0.52 

Sticky.didnot 
handle     vvell 

80 
1690 
500 

1690 

22 
Added   lAddod 

in       Î   on 
Mixer  :Mill 
iOO, , 

1. : 
0.6 : 
0..75! 
0.3 : 
5.5 : 
5,5   : 

2,9 
0.25 

:50. 

23 
{Added 
:  on 
:Mill 

Added 
in. 

Mixer 
Tüü;—\——■ 

1.   : 
0.,6  s 2.9 
*ü.692;*0.298 
0.3  : 

**3.0  : 
: 5,5 

50. 
Cabot No. 6 

158 
98 

271 
0.57 

Slightly 
sticky 

60 
2460 
550 
2310 

Statex 
200 
140 
249 

60 
1510 
550 

1285 

< 

<A 
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Pilot Plant Precuring in Mechanical Mixer (Baker'"Perkins Mixer) ♦ The 
Baker-Perkins mixer available was a vacuum, kneading type mixer with a par- 
tial steam jacket and having a capacity of approximately eight pounds of 
rubber« The closed vessel permitted recovery of,the benzol and by use of 
vacuum, it was removed more completely; otherwise its operation was very 
similar to that of the small Banbury mixer. The'blades were not heated« 
The first Baker-Perkins precuring rim w^s made about nine months prior to 
the installation of this mixer in the pilot plant foi* the processing of 
pilot plant product. This first run was made with acetone precipitated 
rubber for the purpose of preparing a larger quantity of uniform precured 
rubber for work to be done by the Fire3tone Tire à  Rubber Company, and the 
B« F. Goodrich Company (see Section V), as well as for aging tests which 
were made as described further in this Section under Special Tests. 

Following completion of the Banbury precuring experiments, precuring 
runs were started on the pilot plant extracted rubber, the output of which 
by this timo was greatly increased. The general procedure used in pro», 
ducing precured rubber in these Baker-Perkins runs was to add slowly a 
benzol solution of rubber and chemicals to the heated mixer, at the same 
time evaporating the benzol through condensers to-an evacuated receiver. 
After all the benzol v/as removed, the mixture was heated for a short time at 
somewhat higher temperature to set it to the required degree.  Table III 
gives proportions of resins in raw rubber, chemicals added in mixer, com- 
bined sulfur, consistency of stock, and the final formulation and physical 
tests on gum or tread stocks for all of the experimental runs made in this 
apparatus• 

The rubber processed lA/as not acetone precipitated and contained con- 
siderable and variable amounts of resins, ^wdiich made it necessarjr to 
change the proportions of chemicals in an attempt to secure a more satis- 
factory product. As no rapid and accurate method of determining the con- 
centration and resin content of the rubber solution vms available at this 
time, the actual formulation varied considerably from the desired propor- 
tions, and only limited conclusions are possible from these runs as to 
optimum precuring conditions. Regardless of the proportions of chemicals 
used, the product in general was lower in tensile strength and handled 
with greater difficulty on the rolls than that obtained from raw rubber 
purified by acetone precipitation. Rubber from rims 2, 3, and 6, which 
were the best from the standpoint of milling and tensile strength, w0.s 
blended by milling and shipped to« the U% S. Rubber Go. for the preparation 
of small ash tray tire samples. Tests showed that the abrasion resistance 
of a composite of runs,2, 3, and 6, was considerably'lower than that of 
the A.S.T.M. abrasion comparison Standard B and of goldenrod rubber stocks 
previously processed from purer rubber in the Banbury experiments.  (See 
abrasion resistance under Special Tests.) 

Approximately 85 poimds of material were produced in these runs.  Because 
of the inferior quality of this precured rubber, as indicated by the lower 
tensile strength and abrasion resistance, as v/ell as the poor handling 
characteristics on milling, it was decided.that purification of the 
rubber was necessary in order to prepare a-satisfactory product from the 
current production of the pilot plant from.the 1943 crop pf goldenrod. 



IV-TABLE  III 

SUM'ÄRY OF BAKER-PEEKINS  EKPERIIffllTS 
:    1* 2* :     ¿* :    4* :    5* :    6* 

Rubber (1 p. Flectol H) Pts. t     100,000 :  100.000 t     lOC.OOO :  lÓO.OOO :  100,000 '.   lûo.oôo 
Resin                " Î :  17.800 s  17,800 Í   17,800 
Sulfur               " :   3,5 0.600 î   C.783 !   0.600 :   0,600 :   0.735 
Thiotax               " ;   0.3 0.750 :   0,979 :    0.750 :   0,750 I         0.920 
D.P.G,                " : :   0,300 :   0,392 :   0,300 :   0.300 r   0.368 
Zinc Stéarate          " t        5.5 :   5,500 :   7.177 :    5.500 !   b.500 5   6.743 
Zinc Oxide            " t   5.5 ; 
Carbon Black          " t : ' 50.000 s  50.000 !  50,000 !  50,000 :  50.000 
Time in Mixer (Tot.Hrs.) t    12  ■ Í   7-3/4 t   6.-3/4  , !     7 t   6-2/S 
Precuring Time (Min.above 

250° F«) i  '        15 : 
Precuring Tenç. - °Fí i 

S Combined in Precure - %    • i           *85 !   0,72   î t         0.71   i i   0,38   1 !   0.63  ! 0,88 
Consistency of Stock : O.K.    . - ¡Dry at first^ : Hot sticky,! ¡Sticky and -, Sticky,   ! ! Dry and 

then slight-! ! lacey,    ; ¡tough. Later! tough, and i ¡ laçey. 
;        •          ,4 ¡ly sticky., j ¡ finally   ; ¡soft and   ¡ hard to   ! 
[                   ■ [Took chem^ i í handling  ! ¡hard to    ! handle.   j 

¡well,      ! ! well. .handle.    i 
Gum Stock-Opt.Cure @ 260"F.; 30 Uins.       î !   .            1 t 40 ilins.  ! ' 40 Mins. 
"   " -Ten.Str.,#/sq.in.i 1460   ) ¡   1690   ! 1795 
"   " -Ult,Elong.-?i    i 700   î .                    1 ¡    650   ! 700 
"   " -Modulus 500^^   j 

Lbs./sq» in,     j 40Ö   í î 62Ü   : 560 
"        "  -State of Cure,   ! ! 

T-50, °C..     ! ^ 

Tread Stock-Opt.Curé @    : i < m • 

260°F.   Î 60 íáins 4 80 îlinsj BOîlins« 60 Llins^ :  60 Mins, 

"   "  -Ten.Str.#/sq,ini î 2425    ! 2400"   i 2100   : 2035    : 2370 

"   "  -Ult^Elong,-^  1 i 500    : 625'   : 650   : 550 '   : 650- 

"   "  -Fiodulus 500^  : i s 
Lbs./sq.in.      ; é • 2425    í 1740   : 1710   ': 1605 •   : 1600-  . 

"   " State of Cure,   j : s 3 

T-50, °C,     : « j : 

t 

en 

* Added in Mixer (Tabl0 continued) 



IV-TABLE III 
smemRY OF Bï KER-PëRKIIIS KXPBRIMENTS 

 ( Continued) 
:    7* :     8* :     9* 10* 11* 

Rubber (1 p. Flectol H)      Parts :  100.000 :  100.000 :  100.000 :  100.000 :  100.000 
Res in                      " :   15.350 :   11.350 :   21.100 21.100 :  12.000 
Sulfur                     " :   0.718 0.Ô74 :    0.660 :   0.660 !   0.660 
Thiotax                     " :   0.900 0.843 :    0.825 :    0.825 :    0.825 
D.P.G.                      " !   0.359 :■   0.S37 :    0.330 :    0.330 :   0.330 
Zinc Stéarate               " !   6.578 :    6.183 !    6.050 :   6.050 ;   6.050 
Zinc Oxide                  " 
Carbon Black                " :   50.000 !   50.000 50.000 ■ 50.000  : 
Time in Mixer (Total Hours) 6-1/5 8 9-11/12  • 16-3/4 11-1/4 
Precuring Time (Mins. above 250°F. )  ¡ 
Precuring Temp.-'-'F.                i 
S Combined in Precure - %                            \ 0.68   ! 0.53   : 0.65  : 0.68  ! 0.41 
Consistency of Stock               • Slightly   ; Jixtremely  ; Very sticky: Drier    ; Very sticky. 

sticky, out ; sticky and  : and bai'ely ; than îJo. 9 : 
manageable. ; gummy.     : manageable,! and lacey. ; 

Gum Stock-Opt. Cure %  26Ü"F., Mins,   : 40     : 60   ! -  60    : 
"   "- -Ten. Str., Lbs./sq. in.    ; ' 1755     : 1655   : 1555    : 
"   " -ITlt. Elongation -'>1 " -   ; '675'    : •  65a .  ! 625    : ■: 

."   "■ -Modulus SOOfo, Lbs./sq. "in.  : 560     : 585   : 575    : 
"   " -State of Cure, T-50, °C.   : 

Tread Stock-Opt'. Cure © 260"F., Mins. : 40     ! 40   ! 40    : 
"    " -Ten.Str-, Lbs./sq. in.   : 2135 .    : 2100 - : 2040    : 
"    " -Ult. Elongation - t 
"    "  -Modulus 500;^',Lbs./sq. in. : 

675     : 650   : 625    : 
■• 1465 '    : 1285 1400    : 

"    " -State of Cure, T-50, °C.  : "    .    , •• 

* Added  in Mixer 



Pilot Plant Production ** Preouring in Large Loomis Mixer» In order to 
produce more uniformly pre cured goldenrod rubber at full pilot plant capac-» 
ity, a mixer Manufactured by the Evarts G« Loomis Company was used, which 
was capable of handling about 20 pounds of finished stock in a batch. De- 
tails of its construction, and of the pilot plant precuring installations 
and operation have been given in Sectioia III«  The important advantages . 
for the precuring process of this apparatus over the similar*Baker^P^rklns 
machine used for the earlier work were:  (1) heating through the mixer 
blades as vT-ell as the ^jacket with steam under pressure; (2) larger free 
vapor space above the five gallon working volume occupied by the -stock; 
and (5) a bottom discharge facilitating removal of the product* 

Table IV presents a summary of data on.the exper^mej^ital pilot plant pre- 
curing of the greater part of the rubber produced. The same formulation 
for precuring was  used in runs 1-8.  In runs 9 - 11, the proportions of 
sulphur, Thiotax, and D.P.G. v/ere increased lOyt, while in the remaining 
run, No* 12, these three copipounding chemicals were increased only 5%  over 
the proportions used previously.  In all cases, additional .chemicals were 
milled in along with carbon black in part of the stock, for tread cures,-to 
adjust the final composition to the following vulcanization formula: 

Rubber (l^rts) 
Sulphur 
Thiotax 
D.P^G» 
Zinc Stéarate 
Zinc Oxide 
Carbon ïlack (Statex) 

By increasing the percentage of chemicals used in the precompounding 
steps, it was found that a stock could be prepared^which was"less sticky 
and soft, and v/hich would handle satisfactorily on the rolls vYithout any 
loss in qualitj?*. The rubber used in all large Loomis runs after ^7 had 
been additionally purified by settling"after acetone precipitation'and re- 
dissolving in benzol,.to remove the small amount of insoluble, suspended, 
waxy material which had been found to be present in fresh solutions. A 
considerable quantity of sludge was eliminated in this"manner» The effect 
of this waxy material on the quality of the final vulcanizates -vms not 
determined but did not appear to be serious, however, this settling process 
imy have contributed to the production of drier stocks in the last five' 
pilot plant runs* 

As will be noted in Table IV, satisfactory weight balances were obtained 
on the amount of materials charged and of stock obtained. This is of ;im- 
portance if the final vulcanization formula is to be accurately adjusted on 
the basis of rubber contained. Tensile strength measurements on the tread 
stocks at optimum cure varied between 2370 p.s.i. and 2920 p^s.i», and ^ 
ultimate elongation betv/een 450;o^ and 600'/¿» A considerable portion of this 
processed rubber was shipped to the II« S. Rubber Company for further study 
in the processing and fabrication tests discussed in Seci¿ion IV. The total 
quantity of rubber processed in this pilot plant Loomis mixer was approxi- 
mately 760 po\inds» _   .  ^. :- 

over '- 

Giun Stock Tread Stock 
100. 100, 

3.5 3.5 
1.0 1.0 
0.8 0.8' 
5.5 5,5 
5.5 5.5 

:   .0 50. 



IV-TABLE IV 
SUI'i lARY OF LARGE LOOííIS EXPERIÎîENTS 

:   1* :   2* :    0^ 4* :     5* 6* 
Rubber (l p. Flectol H)  parts :  100.00 :  100.00 :  100.00 100.00 :  100.00 : 100.00 
Resin                   " 4.40 :   3.96 : ,  3.64 4.00 :   4.. 29 :   5.06 
Sulfur                  " :   0.60 :   0.60 :    0.60 :    0.60 :   0.60 :    0,60 
Thiotax                 " :   0.75 :   Ü.75 :    0,75 :    0.75 :   0.75 :    0.75 
D.P.G.                  " :   0.30 :   0.30 :    0.30 :    Oc30 :    0.30 :   0.30 
Zinc Stéarate            " :   5.50 :   5.50 :    5.50 :    5.50 :    5.50 :   5.50 
Zinc Oxide              " 
Carbon Black             " :  50.00 :   50,00 :   50.00 :    50.00 !  50.00 : ■ 50.00 
Wt. Chem. & rubber used  Lbs. :    26,2 26.1   i 26.4 :    22.3 :  20.9    . 20.1. 
Wt, of finished material  " :   26.2 :  24.8 :   26.3 :    22.0 :  20.4    ; 22.0 
Time in Mixer (Total Hrs.) 11-1/3  ■ 5-1/3 :    3-5/6   ; 3-2/3   : 4-1/12 
Precuring Time- Min.above 250°p. 20      ; :    13     ! 15 12 
Precuring Temp, - °F. 2500-258°  ! 250° - 280°¡ 250°-270°  : .250° - 269° ! 250° - 270° 
S Combined in Procure - % !    0.58  : 0.63  ! 0.56 :    0.45   : 0.47   : 0.40 
Consistency of Stock         i .Very sticky; Not Sticky,; lot sticky,i Slightly   ; Slightly  : Quite sticky 

¡handled bad-j handled ver^ milled   i .sticky, mill-: . sticky,   Î and soft. 
ly on rolls: well on   ; very well  : ed fairly  ; milled fair-; milled xvith 

rolls.    ! well       ; ly well    : difficulty 
Gum Stock-Opt,Cure %  260"P.,Minj 20    : 20     : 20     : 20     : 20      : 20 
"   " -Ten.3tr.,Lbs./sq..in. ¡ .  2320    : ■2245     : 2460     : 2100     : 2270      : 2650 
"   " -Ult.Elongation - %      -, 700    : 700     : 700     ! 650     : 650      : 700 
"    "  -Mod. 500^ Lbs./sq.in.! 630    Î 560     : 810     : 875     : 795      : 675 
"   "  -State of C\ire,T-50,  ! 

Tread Stock-Opt.Cure @ 260OF. .: 
^  ■      . ,    Mins.,  : ,20 20     : 20     : 20     : 20      : 40 

" .   " -Ten.Str.,Lbs./sq.in.: 2435    : 2410     : 2485 2400     : 2370      : 2920 
■";   ■" -Ult*Elongation-:^  j 600   • : 600     : 550     : 600-     ; 600      : 500 

' "   :.." -Mod.500;^',Lbs ./sq. in« 2000    : 1900 2240     : 1935,     : 1970      s 2920 
"    " -State of Cure, T-50: 

°C.     s 
• 

• • 

: 

* Added, in,Mixer- 

'Tí 



IV-TABLE IV 
STJi.SIA.RY OP LklGrE LOOMIS EXPERIIÍBI^TS 

(Continued) 
7*     ! 8*    : d'f         : 10*   : 11*   : 12* 

Rubber (1 p. Flectol H) Parts ! 100,00  ! 100,OC  : 100.00  : 100.00   : 100.00  : 100.00 

Resin                   "  ! 5.06  ! 5.95  ! 9.28  ! 4.50   : 6.61  : 8.33 

Sulfur                 "  ! 0.60  ! 0.60  i 0.66  ! 0.66   ¡ 0.66  ! 0.630 

Thiotax                 "  i 0.75  ! 0.76  ! 0.825  ! 0.825  ! , 0.825  : 0,788 

D.P.G.                  "  ! 0.30  1 0.3C  : 0.33  ; 0.33   : 0.33  ; 0.315 

Zinc Stéarate            "  ! ;    5.50   ! 5.50  ! ¡   5.50 5.50   : ' 5.50  ! 5.50 

Zinc Oxide              "  ! 
Carbon Black            "  ! 50.00  ! 50.00  ! 50.00  j 50.00   : 50.00  : 50.00 

Wt. of chem. & rubber used-Lbs.; 20.1   ! 20.1  j 20.9   : 20.0    : 20.5   ! 20,5 

Wt. of finished material   " ; 20.1   i 20.8  ! 19,2   ! 19.0    ! 20.9   ! 21.1 

Time in Mixer (Total Hours)   ! 5-11/12  1 -  3-3/4  : 5-1/4  ! 4-1/2   Î 3-7/12  ! 3-1/3 

Precuring Time - Min.above 2öO°P! 15        ! 20    ! 25 ¡  12      : 15     ; 15 
Precuring Temp. - °F,         ! ,250-280   ! • 250 - 2ß0 ! ' 250 - 278 ! ,250 - 275  : 250 - 274  : . 250 - 278 

S Combined in Precure •• %            '; 0.47   i 0.i5  : !   0.57  ! 0.64    ! 0.57   ! 0.45 

Consistency of Stock         : Same as ^.: Somewhat ; Extremely ; Too dry and; Overcured, ; , Right amount 

'. .sticky.rfen-î dry and   j ! soft. Fi-  J , lacey. Fi-  : . of tack. 

died Witt  ! , lacey.    ! ¡ nally work-i .nally han-  ! , Milled'Very 

¡only slifht ¡Finally ¡ ed weil. ' ! .died very ¡ easily. 

¡difficulty,' ¡worked virell* ! ¡well. 

Gum Stock-Opt.Cure © 260"P.,mn.- 40 :    10 ¡   20 ¡    20 :    40 ;    20 

"   " -Ten.Str.,Lbs./sq.in. ;; :  2230 ¡   204C    ; •  1570 ¡  2290    : 2000 ¡  2170 

"   " -Ult.Elongation - % :   600    ; ¡    650 :  525 ¡   600    ! 550 ¡   650 

"         " -Mod. 5007¿, Lbs./sq.ii;, :  1330    i ¡    720 Î  1410 !  1365 ¡  1265 !   885 

"«  " -State of Cure,T-5Q,°G. ! ! - 

Tread Stock-Opt.Cure © 260° F. : 
Mins. i   60 Î    20 :   20 'i           20 ¡    20 :    20 

"    " -Ten.Str.,Lbs./sq.in^ ;  2730 !  2730 ¡  2650 !  2580 t  2735 t  2400' 

"    " -Ult.Blongation - % :  450 !   650 !  45Q :■   500 :   550 :   550 

"    " -Mod., 500$/o,Lbs ./sq.ih. •   - t       2410 . s  2580 :  2370 :  2170 

"    " -State of Cure,T-50, 

, «C. ! 
: 
» 

*Ádded in Mixer 

I 

CD 



IV-p. 20 

Preouring in Mechanical Mixer - Laboratory Tests in Small Loomis 
Mixer, A siTiall laboratory raodel' of the pilot plant Loomis mixer was in- 
stalled, which v/as capable of handling 650 to 700 grams of resin-free 
rubber in a batch. It was similar in design and operation to'the large 
machine, but steam was not applied tJ:irough the blades • Rubber solution 
containing precuring chemicals was heated on a steam bath and the hot 
solution, poured into the small mixer. Benzol v/as removed through a 
water-cooled condenser leading to an evacuated receiving tank« As a re- 
sult of slower heat transfer without steam heated blades, about forty 
minutes Y\rere necessary to raise the temperature from 25Q^^Fi  to 280^ F« 
after removal of all the benzol, whereas in the larger mixer this could 
be accomplished in fifteen minutes.  In all cases the following preour- 
ing formula and final completely compounded formula were used: 

Precuring 
Added in Mixer 

Rubber 100. Parts 
Sulphur 0.6 tt 

Thiotax 0.75 îf 

D.P.G. 0.3 IT 

Zinc Stéarate 5.5 tt 

Zinc Oxide 
Carbon Black ( [Statex) 

Final Formula 
After Addition of 
Chemicals on Mill 

1Ö0. Parts 
3.5 
1.0 
0.8 
5.5 

• 5.5 
50. 

This procediore was used primarily to test sam.ples of special interest 
which were not available in sufficient quantities to be processed in the 
larger Loomis mixer. Results of most of the tests made on this scale 
are given in appropriate special Sections of this report to follow, 
particularly in Kiln Drying Tests, Section VI, Retting, Section IX, and 
Ensilage, Section X. 

Special Tests on Vulcanizates of Various Samples 
of Goldenrod Rubber 

Effect of Aging or Storing Procured Goldenrod Rubber. The object of 
this study was to obtain some indication of the aging or keeping quality 
of goldenrod rubber which had been ^'procured"- or partially cured^ 

The material used in this study was from Baker-Perkins Rim fl=l MÚiích 
had been made on acetone precipitated rubber obtained from pilot,plant 
extraction of leaVes from the 1942 crop« The precured rubber contained 
the follomng compounding ingredients-: 

Thiotax 
Flectol H 
Sulphur 
Zinc Stéarate 
Zinc Oxide 

0.3 Parts 
1.0 " 
3.5  ^» 
5.5  " 
5.5  " 

Portions of this run were tested for tensile strength and analyzed for 
combined sulfur at 0, 1, 2, 3, 4, and 7 months.  The following ingredi- 
ents were milled into the portions used for tensile strength determinations 
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at the time of the tests: Thiotax 0«5 parts, and Flectol H 1.0 parts. 

As Table V shows, there was no significant change in combined sulfur 
in seven months* Tttaile this data are not conclusive, the experiment 
indicates that preoured goldenrod rubber could be stored at-least one 
month without appreciable loss in maximum tensile strength of the final- 
vulcanizate, and up to fovir months with only a slight loss« 

IV-TABLE V ^ 

Tine of Aging :Max. Ten. Str.< ! Ult . Elong.îMod . @ 500?S: Total ■ Conbined 
Months :   P . s. i • % ,î^ • s. i. ¡Sulfur- . Sulfur 
None 14'50 700  ' : 400 : 3.20 • .  0.85 
1 1425 760 285 : 3.11 ■ 0.79 
2 1210 725   I 285 ; 3.15 • 0.83 
3 ; 1260 725   : 195 : 3.14 0.86 
4 * • 1280 675   : 255 ~ : 3.12 • 0.84 
7 4 940 700   : 315 : 3.13 0.83 

Tear Resistance«  Tear resistance tests were made on specimens of 
goldenrod rubber in accordance with A^S.T.M. Designation-D624-41T. A 
Scott tensile testing machine, equipped with grips having jaws of an 
approved type; ivas used,  Crescent-shapod specimens made with A.SfT^H« 
Die A Y/ere used throughout« 

These tests were made on (1) Banbury Run #16 stock, (2) samples of 
Banbury Run 7f20 gum stock, to which had been milled 50 parts of Statex^ 
a special reinforcing furnace black. Kosmobile 77, an easy processing 
channel black, or Cabot jfQ,  a standard channel black, and (3) stock 
from smiill Loomis #1 compounded into tube stock according to the follow- 
ing formulas : 

D.P.G. 
Thiotax 
Zinc Oxide 
Zinc Stéarate 
Sulfur 
Carbon 
GACO3 
Red Oxide 

Black Tube 
Red Tube 1 2. 3 

0.8 0.5 0,8 0,8 
2.5 2.0 2.5 2,5 
5.5 5*5 5.5 5.5 
5,5 5.5 5,5 5.5 
2,5 2.5 2.5 2.5 
- 40 Statex 40 P-33 40 Statex 

30 - - - 
5 - > •• 

Reference is made to Table II on Banbury experiments, and to the 
formulation given for the small Loomis-^runs- earlier in this Section for 
additional information on the -processing of these stocks^ 

In Table VI are given the.   results of the- tear tests.  It will be noted 
that these tear resistances are considerably lov/er than for similarly 
compounded hevea rubber» No appreciable difference in tqixr resistance 

over 
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was noted resulting from the use of different types of carbon black 
milled into the Banbury ifZO  gura c ':ock#  In order to determine whether a 
higher tear resistance could be obtained with tube stook formulation con- 
taining lower quantities of sulfur, several tests were made but no 
improvement was noted* 

IV-TABLE VI 

Tear 
      Sample      Lba/lnch 
Banbury #16  ' 438 
Banburjr #20 with Statex 482 

'  '      "  Kosmobile 77 497 
''       Cabot #6 487 

Small Loomis #1 with Red Tube 67 
''       Black Tube 1       400 

ft     n 

ft     If 
2 200 
3 250 

Permanent Set»  The permanent set in this study refers to the percent 
increase m the distance between one inch benchmarks on a specimen ^vhich 
has been stretched to, and held at, an elcJtigation of 300^¿ for 10 minutes, 
then released and allowed to recover for 10 minutes. An elongation of 
300;;^ i^vas used although this v/as somewhat less than 3/4 of the ultimate 
elongation as specified by standard procedure« Due to the type of clamps 
employed and the low tear resistance, it was impossible to stretch the 
specimens to the specified length without breaking at the clamp» 

Table VII gives the results of permanent set tests on samples of 
pilot plant extracted rubber from the 1942 and 1943 crops of goldenrod 
leaves.  This rubber i-vas acetone precipitated, processed in the Banbury 
or the small Loomis mixer, compounded and vulcanized under conditions 
producing maximum tensile strength» Reference is made to the Table II 
on Banbury runs and to the discussion of small Loomis runs for additional 
information»  The values of set obtained on these samples, 16^ - 25^¿, 
appear to be considerably higher than for similarly compoimded hevea 
rubber.  The high set for Banbury #12 {52%)   should not be considered 
representative for goldenrod rubber as Run #12 was abnormal in other 
respects, probably due to tlie quality of rubber being processed» 

The tube stocks which were prepared from small Loomis #1 stook 
(1943 crop) contained compoimding ingredients as given in formulations 
under the section on Tear Resistance» They contained less sulfur and 
more accelerator than the above samples v/hich were compounded in the 
usual manner» l'7hile the pertinent set. values were  somewhat lower for 
the tube samples, the difference is not appreciable» 



IV-TABLE VII 

Permanent Set 
Sample  %  

Banbury #9 ~~ SI 
''        #10 24 

#11 22 
#12 52 
#13 25 

Small Loomis #1 
Red Tube 16 
Black Tube   1 20 
Black Tube   2 20  

Abrasion Resistance# Abrasion tests were made in accordance with 
À.S.T.M* Designation D394--40, Method A, using the duPont abrader«  Tost 
specimens v/ere prepared from rubber processed in the Banbury mixer, 
large Loomis mixer, and from a composite of Baker-Perkins runs 2, 3, and 
6.  For further informe.tion, reference is made to Tables II, III, and IV 
pertaining to these runs.  The samples were cured under conditions which 
produced maximum tensile strength« PiH'chased A.S,T»M« comparison 
standards of Type B, and No, 2/0 emery paper were used throughout these 
tests, A set of comparison standards ^NB.S  run for every set of speci- 
mens tested and it v/as found that the volume loss per horsepower hour 
of the standards was 200 cc. plus or minus 5%,  except in a few 
instances where the losses dropped to 183 or increased to 211. Table 
VIII gives the results of the abrasion tests in terms of cu. cm# loss 
per horsepower hour, which^ of course, is inversely proportional to 
the resistance to abrasion. An inspection of Table VIII sho^iVTS the 
abrasion resistance of samples from Banbury runs 9-13, v/hich were rmde 
on acetone precipitated rubber, v^^s equal to or better than that of 
A.S#T»M. comparison Standard B. Banbury runs 14-17, v/hich were made 
on  rubber which had not been acetone precipitated and consequently was 
higher in resins, showed lower abrasion resistance than the standard. 
The large Loomis runs, although made on acetone precipitated rubber, 
gave lower abrasion resistance for the first four runs made, while the 
fifth run v/as equal to or better than the Standard B,  The composite of 
Baker-Perkins runs 2, 3, and 6, which ivas made mth rubber containing 
about 125^ resins, as it was not acetone precipitated, showed much loxver 
resistance to abrasion than the standard« These tests show that it is 
possible to obtain good abrasion resistance on goldenrod rubber if the 
content of acetone soluble resins is less than 5%  to 6%^ 

over 
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IV-TABLS VIII 

Sample 
Banbury #^9 

#10 
#11 
#12 
#13 
#14 
#15 
#16 
#17 

Large" Loomis ^i 

It 

tt 

tt 

tt 

TI 

ft 

tt 

#3 

#5 
Composite of 
Baker-Perkins #2, #3, & #6 

Cu. Cm. Loss * 
per H.P» Hour 

180 
178 
210 
174 
255 
248 
235 
251 
236 
244 
240 
227 
189 • : 

,374 

* The cu. cm. IOSS/H.P. Hour'of■A.S.T.M. comparison 
Standard is 200 plus or minus 5%. 

Indentation (Hardness)♦ Tests were made in accordance with A.S.T.M. 
Designation D531-41, using the Pusejr and Jones Plastometer fitted with the 
1/8' ball point, The results are reported in terras of Pusey and Jones 
Number which is the indentation, in ihundredths of a millimeter, 
produced by a l/s" steel bail under a load of 1 kilogram for one minute. 
As molds for vulcanizing samples of specified size (3 x 1-1/4 x l/2 in.) 
were not available at the time, and these tests were made on abrasion 
specimens (2x2x1 cm.) which are considerably snaller in size. These 
specimens were prepared from acetone precipitated rubber from the 1942 
crop and processed in the Banbury mixer, fieference is^ therefore, made 
to Table II on Banbury runs for ñirther informEi,tion. ' The test samples 
were cured under conditions -tAiich had yielded the maximum tensile 
strength. 

Table IX gives the results of the indentation tests. These values for 
.indentation, when converted to hardness values by available conversion 
charts, indicate that the range of hardness of these goldenrod samples is 
approximately the same as for similarly compounded hevea rubber. 

Sample 
Banbury Run Uo. 
Pusey & Jones 
Indentation No. 66 61 

IV-TABLE IX 

10 

67 

11 

70 

14 15 

70 64 

16 

73 

17 

75 

22 

98 
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IV-mBLE X 
STO.«aRY OF PHYSICAL TESTS  OP GOLDHmOD RUBBER 

Test 

Tensile rA.S.T.Mâ 
(Scott) 

Ult* Elong* : Die D 

Method 

Modulus  SOOjiJ 
T-50 
Hardness 
Indentation 
Perm. Set 
Abrasion 
Tear 
Aging 

Bend Flex. 

Extens• 
Fatigue 

Flex. Comp. 

Resilience 
Rebound" 

Sp. Gr* 
Plasticity- 

Tensile 

Ult. Elong. 
Hysteresis 

0.125x0.060'' 

Shore 
Pusey-Jones 

Dupont 
Crescent 

02(800C.) 48 
Hrs. 

O2 48 Hrs, 

DeMattia 

DeMattia 

Goodrich 

Range of Values 

TREAD STOCKS 

2500 - 5200 p.s.i. 
450 - 600^ 

2500 - 3000 p.s.i. 
-15^ to -20^ C* 

56 - 71 
62 - 107 
20 - 25% 

175-240 CC./H.P. Hour 
440-500 Lbs./in^ 

Opt. Green 2600^2900 p.s.l 
Cure Aged 2040-2220 p»s.i* 

Green 1600-1700 p.s.i. 
Aged 1500-1600 p.s¿. 

1st crack 17'*53,000 cycles 
Failure   57-80,000 cycles 

1st crack 10-30,000 cycles 
Failure   20-40,000 cycles 

Determined by 

{Sou.Reg. Res. Lab* 
ÎI     u 

Comp. set 
Temp, rise 

Yerzley 
Firestone : Room t. 

; 212^ F. 

Mooney jUncured 
rUncured 

25^ 
74-92^  F. 

65^-86^ 
32^ 
46-55>C 

1^14-1.16 
10  (212^ F.) 

U.  S. Rubber  Company 

Sou.Reg.  Res.  Lab. 

It  if   t 

Firestone 

tSou.Reg. Res. Lab* 
:ü. S. Rubber Company 

19-29 (160^ F.)  :Sou.Reg. Res. Lab. 

GUM STOCKS 

A.S.T.M. 
(Scott) 
Die D 

Hysteresis 

Plasticity 
Hardness 
Indentation 
Resilience t    Yerzley 

Plasticity t    Mooney 

2000 - 2600 p. s. i. 
s      550 - 700^ 

Absol.(U.S. : 
Rubber}  -.Room t. 1.0  Mod. 2^4 

:280^ F. 0.3  Mod. 2.6 
Torsional -.Room ,t. 0.07 

:280^ P. 0.06 
Mooney   :Uncured  10 (160^ F.) 

Í  Shore   :        34-37 
: Pusey-JonesÎ       169 - 184 

s       93 - 95^ 
PRECURED RUBBER 

t 20-4áí (160^ F.) 

Sou. Reg. Res. Lab. 

5U. S. Rubber Company 
t 

jU. S. Rubber Company 

¡Sou. Rog^ Res. Lab. 
, »t   ft   fî   t) i 

^h 

:Sou. Reg. Res. Lab. 
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V-IHDUSTRIÁL PROCESSING AND FABRICATING TESTS 

As soon as goldenrod rubber ivas available in two to three pound lots 
of a quality fairly representative of that obtainable by solvent extrac- 
tion, samples were submitted to several of the largest r^tber manufao- 
turing companies.  The first tests undertaken were primarily to check our 
vulcanization techniques and results against those obtainable by 
prospective users of the product, and to serve as a guide to further 
development of the basic process« At this time it was essential to deter*- 
mine the most desirable of several forms in-which the rubber might be 
produced, and to concentrate upon preparation of a product best suited to 
the probable industrial and emergency uses for the rubber•  It had been 
determined that precuring afforded a means of rendering the rubber 
tractable to milling, compounding,and vulcanizing in the laboratory, with 
satisfactory results, but it was of prime importance to determine whether 
this product could be processed on factory equipment. 

In the solvent extraction process the rubber leaves the solvent re- 
covery still as a viscous benzol solution, containing up to 20^¿ of 
rubber, protected by a small amount of a suitable antioxidant teclini- 
cally termed "cement," To obtain rubber free of solvent, this solution 
is evaporated to dryness in shallow pot stills under vacuum, producing 
the material in a sticky form as "raw rubber•" An alternative procedure 
to vacuum drying involves addition to the ZÓi%  rubber solution of a benzol 
solution containing the soluble compounding ingredients, and evaporating 
the benzol completely i^diile working the resulting rmss in a steam jacketed 
kneading type mixer♦  The only insoluble ingredient of the vulcanizing 
formula is the excess zinc oxide, which is added after all of the benzol 
has distilled off, either in the mixer or subsequently on the mill, and 
heating is continued at 100^ -^ 105^ C» until the rubber is slightly pro- 
cured, and is dry and firm enough "to be readily removed from the mixer« 
This preparation is designated as "procured rubber•" Samples of these 
three products, amoimting in most cases to two pounds or more, were 
submitted to United States Rubber Company, Firestone Tire k  Rubber 
Company, and the B. F. Goodrich Company by whom tests were begun with 
the cooperation of members of the technical staff of the Southern Regional 
Research Laboratory. 

Tests Performed by the United States Rubber Company»  The 2CÇ^o benzol 
solution was considered for use in trying the method of compoiinding in 
solution, for use in making dipped articles, and for fabric coating. A 
test coating on Fruit-of-^the-loom cloth was made and vulcanized• 

The raw rubber was considered for blending With extremely dry and non- 
tacky rubbers such as Buna-S« Tests were made on stocks containing 30^ 
and 50^¿ of goldenrod rubber, without added carbon black, and on a stock 
containing 50 parts of carbon black added to a '50-50 blend of goldenrod 
and Buna-S rubber. Processing qualities were observed, and determina- 
tions made of tensile strength, elongation, permanent set, state of cure, 
and hysteresis.  For this purpose the^ goldenrod rubber was not regarded 

■ "^ 
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as simply a tacktfîer, such as miner a J, rubber or àsphàltic modifiers, 
but as a blending agent with distinct rubber qualities'that might be 
used in blends up to 4C¡^- 50??# ' " . . 

The precured goldenrod rubber was cons-idered for use as such, and 
two preparations were submitted for testing; one containing all necessary 
vulcanizing ingredients except carbon black, and another from which both 
carbon black and the excess zinc oxide were omitted. Abilxty to mill, 
calender, and process these materials with and without added carbon 
black was p.nvestigatöd, and additional accelerator and antio^cidajit were 
incorporated in milling. The gum stocks, (without carbon black), and the 
tread stocks (with carbon black) were vulcanized and déterminations were 
made of tensile strength, elongation, permanent set, state of cure^ and 
aging, on both types of stock. A calendering test was made on one 
batch of tread stock, and part of a siinilar batch was used in molding 
and fabricating a rubber heel of goldenrod rubber; No mixtures of other 
rubbers with precured goldenrod rubber were considered« Most of the. dry, 
precured stock was used in the milling tests, with added accelerator and 
antioxidant, and carbon for tread stock» i 

Milling Test No, 1. This was made with material of Banbury 4B which 
had the most extensive precuring, and contained initially- _ 

Sulfur ' 3.5 p. 
Accôlerator»Thiotax (mercapto- 

benzothiazole) 0,5 p. 
Antiöxidant-Flectol H 1.5 p. 
Zinc Stéarate 5.5 .?• 
Sino Oxide (added dry in the 

Banbury) 5.5 p. 

It had been run in the Banbury mixer a total of 115 minutes,'include 
ing the time for distillation of benzol, and had been brought to a 
final temperature of 105^ C. for at least 45 minutes. This was milled 
and tested as gum stock. 

The sample batch amounting to a total of 221 g. of material (rubber 
plus vulcanizing ingredients) was put on the rolls, and an extra 0#43 
parts of Thiotax and 0*22 parts of Naugatuck antioxidant JZF milled in# 
With the. front roll at 100^ P., and back roll at 120° F*, the stock 
milled fairly well for three minutes, after v^ich it broke down rather , 
abruptly, as in our previous experience, and became sticky so that it . 
was removed from the rolls with difficulty» The rolls were cooled to 
80 - 85^ ?♦, front, and 105^ P., back, and the stock was put on^and 
milled more satisfactorily for an additional I-I/2 minutes*  It -vvag the. 
opinion that it would mill much better with fillers suoh as zinc oxide, 
or with carbon blacks* The rolls were warmed slightly, and opened to 
a wider setting, and the ötock I'vas sheeted«  It did not sheet well 
enough, and was too tacky to calender, and no attempt was made to run 
the sheet through the calender rolls• The Mooney plasticity of the 
sheeted stock was only 10, compared xvith 80 - 90 for a gbod milled 
hevea stock» Half of the sheeted stock was cut into several blanks for 
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shoddy cures* Results of physica.1 tosts as reported by the General 
Laboratories, United States Rubber Company, are given in Table I, Gum 
Formula A E A, 

Milling Test No« Z. Banbury batch 4A was used for this test. It 
consisted of part of the same larger batch from which 4B i^vas made, and 
therefore had the same composition as the material used in Test Ho. 1, 
but had been removed from the mixer with 5 minutes less precuring time. 
The time of heating, including removal of benzol, was 110 minutes, «.nd 
it had been subjected to the final temperature of 105^ C* for about 40 
minutes. It was milled and tested as a tread stock. 

Preoured stock (237 g.) was put on warm rolls, and the extra 0*4:3 
parts of Thiotax and 0.22 partís of JZF milled in within one minute. 
With the roll temperatures at 110^ F., front, and 120^ P., back, 58.25 
parts of standard channel black were added and milled in within- throe   
minutes. As the carbon black "vvas taken up the stock could be worked 
more satisfactorily, but was described as very "short.^' It became much 
smoother after four minutes additional milling and could be sheeted* 
The total milling time was eight minutes from the time it had been put 
on the rolls, and the roll temperatiares at the end were 105^ F., front, 
and 140^ ?•, bacdc. The sheet was uniform enough, and the stock had 
good ^^building tack," but appeared to be Just beginning to acquire the 
gloss or "patent" characteristic of a good dispersion of carbon black* 
For this reason it was put back and given three minutes additional mill- 
ing, after which it had a good "patent'* gloss, and sheeted readily and 
uniformly enough to be suitable for calendering. It was calendered on 
cold calender rolls set at 0*033"^ and produced a satisfactory, uniform 
sheet sufficiently dry to handle. Test data on the vulcanizates are in 
Table I, Tread Formula A E" B. 

Milling Test No. 3. The mt^terial.foc this test consisted of 100 g* , 
of the already compounded gum stock made in Test No. 1, from rubber of 
Banbury batch 4B. The purpose was to determine #iether the milling pro^ 
parties of this material, which had been poor as a gum stock, could be 
improved by addition of carbon black. It was put on the rolls and 58*25 
parts of standard channel black added rapidly with rolls at 80^ F*, front,, 
and back. The stock smoothed considerably, and the black was taken up 
by the rubber only gradually, on repeated passes through the rolls, re- 
quiring three minutes for complete addition of the necessary 58*25 parts*^ 
After five minutes total milling the material became somewhat sticky, 
but could still be cut and stripped from the rolls. Break down was ex** 
tensive after seven minutes, and the material was now difficult to 
remove* The front roll had warmed to 90^ F* In 7-l/2 minutes the stock 
was very sticky and had to be cut and dabbed off the rolls. By cooling 
the rolls it was possible to sheet this soft, sticlystocky Shoddy 
cures were made and tested with the results shown in Table I, Tread 
Formula AEG* 

over 
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Properties of Vulcanized Goldenrod 
(Data furnished lay General Laboratories, U. S. Rubber 

Company, Passaic, New Jersey) 

Rubber from Southern Regional Research Laboratory 

Banoury 4B 
Gum Formula -. AEA. 

Min, At Green     % Permanent T-50 Aged Tensile 
260° F. Tensile   E Set 500^ E 

-11.5 

48 lîr ■s. Op, Bomb 

20 792    700 .17 1200 
30 970    660 .18 .; 
40 725    560 .12 -22.3 578 
60 606    550 .09 Broke 158 

Banbury 4A 
Tread Formula - AEB 

Min. At Green % T-50 Aged Tensile 
21# Tensile 

1400 

S Set 350J^ E 

■to.6 

48 m •s. Op Bomb 

30 570 .73 1500 
40 1600 590 .80 -1.8 1600 
60 1600 520 .64 -6.6 1600 

Banbury 4B 
AEG 

30 
40 
60 
80 

1180 
1620 
1700 
1600 

550 
540 
510 
420 

.67 

.78- 

.80 

.52 

+ 2.0 
- 2.5 
- 6.4 
-10.5 

1300 
1300 
1500 
1500 
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Goldenrod-Bu3n.a-S  Gum and Black Stocks*     Gum and ,black stocks contain* 
ing raw goldenrod and Buna-^S were  compoxmded as  follov/s,  the figures 
representing the v/eight in grams  of each  ingredient: 

Code AEU AEV 

Buna-S 50 143 
Goldenrod 50 57 
Channel Black 50 
JZF                        0,5 1*0 
Zn Stéarate                  5»5 11 
2n Oxide                    5,5 11 
Thiotax                     1.0 1.5 
Sulfur                     3.5 5.5 

During mill mixing, occasion v/as taken to miake certain tentative ob*- 
servations. A 5:2 Buna*-goldenrod mixture is satisfactory in its 
behavior on the mill and is believed to be commercially processable as 
a skim coat stock at 105^- 110^ P. A 1:1:1 Buna-goldenrod-black mixture 
is also believed commercially processable. A 1:1 Buna-goldenrod mixture 
is satisfactory on the mill when thick ( +50 gauge) but filler would be 
required to restore good calendering without sticking to the mill roll« 
All three mixtures; that is, 5:2, Isl, and 1:1:1, revealed good build- 
ing tack** --* a property which Buna-S alone does not possess.  The 
foregoing presupposes no considerable elevation of temperature. The 
stocks were vulcanized and tested as shox/m in Table II. 

The 2:5 gum stock AEB when vulcanized gave very low tensiles, as 
does Buna-S alone. The 1:X:1 black stock AEU gave tensiles of 1000^1300 
p.s.i.i that is, lower than the 2800 p.s.i. obtainable with Buna-S and 
black alone, and also lov/er than c;he 1600 p.s.i. obtainable with golden- 
rod and black alone. The difficulty appears to be that with the 
acceleration, temperature, and time used in the present ?/ork, the Buna-S 
via.B  not vulcanized at all v/hen the goldenrod wris well cured, while 
correspondingly the goldenrod in the mixture mis badly overcured by the 
time 3\ma-S could be considered well vulcanized♦ This v/as true in both 
the gum and black stocks. The gum slabs showed progressive fall in 
elongation from 830/o (30') to 280;^ (180»), ^nd the black slabs showed 
a corresponding fall in elongation from 580^o (60^ to 200:;^o (180')•  It 
is possible that a compounding study of the vulcanization of Bima-S- 
goldenrod mixtijres might resolve this difficulty, but on the basis of 
present available data the reconimendation would have to be not to mix 
Buna-S and goldenrod» 

A compilation of the hysteresis values of both the goldenrod and 
Buna*-S-goldenrod vulcanisâtes, in comparison ivith pale crepe and Buna-^S^ 
is presented in Table III. The absolute hysteresis of goldenrod rubber 
is slightly higher than that of pale crepe, but in general, probably 
comparable to hevea rubber. Buna-«S has higher absolute hysteresis.  The 
absolute hysteresis of the Buna-rS-goldenrod vulcanizares, just as would 
be expected for a mixture, is intermediate between the values observed 

over 
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for the component rubbers.  Torsional hysteresis of goXdenrod is on the 
high side» Thus, mixing goldenrod with Bima-S: a.  increases building 
tack; b. decreases hysteresis; c. allows processing, (assuming proper 
proportions); d, decreases tensile and elongation; e*  introduces a 
problem of properly vulcanizing a mixture of rubbers differing vddely 
in rate of cure. 
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V~TABLB II 

Vulcanization of Gyldëftri5d_.Flus; Buna.-S 
(SRRL Pilot -Plant 5)^ 

Min. at 
260° F. Tens. 

30 
i 

148 
6Q 218 
90 237 

120 250 
150 217 
lao 184 

% E Set t-50 
AEV -  305-0 Goldenrod plus  70^ Buna-S 

,830 ^      .37                   ■       650^    -33,4 
520 '      .15                         50q;'ó broke 
,400 .10 

,320 , .02 
310 .04 
280 .09 

M tt 

If »T 

tt M 

TÎ îf 

AEU -  1:1:1 of Goldenrod,  Buna-S,  and  Channel Black 

:• 60 1300 
•90 1300 
120 1100 
150 . 1100 
180 .945 

480 .30 
330 .20 
240 .10 
210 .07 
200 :, .04 

350/Í    -25 
broke 

If 

V-T;iBLE III. 
Hysteresis  Values  of Goldenrod anci  Goldenrod Plus  Bima-S 

Corapared with Pale Crepe and  Buna-S 

Room T. 
280°  F. 

Pale 
Crepe Buna-S 

Goldenrod 
(AEA)  

Buna-S plus 
Goldenrod * 

Hys. 
TJTT 
0.3 

Gtm Stocks - Absolute,Hysteresis 

î-iod.      Hys.      Mod. Hys,        lîod. Hys, 
4,0. 
5.0 

3.0 
1.1 

ïïTT 
4.4 

1.0. 
0.3 

2.4 
2.6 

2.3 
1.1 

Mod. 

5.3 

Tread Stocks - Absolute Hysteresis 

Room T. 7.0 9.5 13.5 13.7 
280° F. 3.5 7,6 4.5 8.8 

9.5 
3.7 

10.4 
7.0 

Gum Stocks - Torsional Hysteresis 

Room T. 
280° F. 0.04 — .048 

.07 
.,06 

.087 

.06 

Xrtîad Stocks - Torsional Hysteresis 

Room T.   0.38 —    t—    —   -.      — , 
280° F.   .18-,22 —  ,22-.34 , —      — 

*Giam stocks: ^ 30?» Goldenrod,  70?'ó Buna-S.    Code AI2V 
Tread    "     : " 5C^ " ,  5C^    ".  '   ",    Code AËU 

.43 
.21-,34 
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Tests Performed by Firestone Tire and Rubber Company^ Raw goldenrod 
rubber was considered primrily for blending with Government Rubber- 
Styrene type (GR-S); however, a small batch was compounded with consider- 
able difficulty on the mill, adding a large amount of carbon black, and 
the resulting stock was vulcanized and tested. A series containing 5%, 
10^, 20^, and 50^ of goldenrod added to GR-S rubber was compounded, and 
in addition 10 parts of raw goldenrod rubber were milled into a ready 
compounded master batch of GR-S, containing 100 parts of the latter 
rubber. Milling was done on a 2--l/2" x 7" laboratory mill in 50 g » 
batches, so numerous tests could be made, and miilling and sheeting proper- 
ties were observed, but calendering was not actually tried. Plasticity 
of some of the uncured stock was determined. Tests on the vulcanizates 
included tensile modulus, tensile strength, elongation, and rebound. 

A determination was made by the Williams method of the plasticity of 
the uncompounded raw goldenrod rubber. A sample of the raw rubber was 
treated by a method emplojring stepwise precipitation from toluene solu- 
tion which is being employed in studying synthetic rubbers. Six frac- 
tions were obtained, ranging from very soft and sticky material to a 
hard residue lacking rubber-like properties. Intermediate fractions 
could bo stripped readily from the glass beakers and were not so sticky 
and very elastic. A nitrogen determination was made on the raw rubber 
and the amount found to be 0*09^, which cannot account for the fast 
curing of this rubber» 

Procured rubber was considered for use as such, without blending with 
other rubbers, and preliminary trials made of the use of p-amino-phenol 
as an additional antioxidant, and of Santocure (cyclohexylamine^ 
mercaptobenzothiazole) as an additional accelerator, in gum stocks» 
Tread stocks with 50 parts of carbon black were also prepared, using 
the added p-amino-phenol and Santocure. An interesting^experiment was 
made on the wetting of the carbon black to aid its dispersion in this 
soft type of rubber* The same determinations of physical 'properties 
were made as in the case of the raw rubber blends. The percentage of 
combined sulfur and the plasticity of the procured material in the 
unvulcanized state were also determined» 

The precured rubber supplied for the tests had the following initial 
composition: 

Rubber 100 parts 
'Captax 0.5 parts 
Flectol E 1»0 ""' 
Zinc Stéarate 5.5 " 
Zinc Oxide  - 5.5  " 
Sulfur 3^5 '\ 

Both gum and reinforced (tread) stocks could'be made from the precured 
rubber by using warm mill rolls and taking care that the temperature of 
the rolls did not vary too much. Although the stocks became coherent 
and rather sticky on the rolls, they did not smooth out açd maintained 
a "grainy appearance» Even after considerable milling the black could 
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be rubbed off the stocks^ thus indicating a poor dispersion. Better 
properties were obtained when a s]^.all amount of water was added to the 
black before mixing although the stock became stickier and more diffi-* 
cult to handle on the mill* It is possible that a better dispersion of 
the black was obtained by this procedure although the dull appearance 
of uncured 'stock was not improved # 

The cured stocks possessed good elasticity and elongation although 
the moduli and tensiles were  poor compared to those that may be obtained- 
from crude guayule or cryptostegia (latex) rubbers. Additions to the 
formulation made during milling, and the results of tests made on the 
vulcanizates are given in Table TV. 

Although the raw rubber^ was soft and extremely sticky, moderate 
amounts (up to ZQ%)  could be mixed with GR-S without too much difficulty« 
The chief characteristics of such stocks compared to GR-S stocks were 
slightly lowered modulus and tensile properties with a moderate increase 
in tackiness. The Williams plasticity of the raw rubber (Y3 @ 185^ F#) 
was 0.50. Tables V and VI present the results of tests made on the 
various blends of goldenrod rubber with GR'-S. 

At a later date a special sample of precured goldenrod rubber was 
submitted at the request of the Firestone Company, -wáiich had the same 
composition as given on .page 8, except.that the l^O p^rt of Flectol-H 
was replaced by an equal amount of p-amino-phenol. This was tested and 
fo\and in 20*-80 mixtures vdth GR-S' to give slightly higher tensile 
strengths and moduli than the sample containing Flectol H, although 
milling characteristics and plasticity were unaltered. Results of 
tests on this sample are compiled in. Table VII» 

over 
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V>-TABLE IV 
Data for Physical Tests on Partially Cured Goldenrod Rubber 

(Firestone Tire k  Rubber Go») 

The following compoimds were mixed on the sinall laboratory mill in 
batches based on 50 grams of goldenrod rubber. 

R53900 R53901 R53902^ R53903 R53904 

Partially cured goldenrod rubber 115.3 115.3 115.3 115.3 115.3 
p-amino-phenol 0.5 ^ - ,0.5 0.5 
Captax 0.5 0.5 •• 1.0 1.0 
Santocure - 0.3 - - 

Channel black (Spheron) - -* - 50 50 
Water (added to black) - « - 10 

116.3  115.8  115.6  166,8  U'76.8}* 
*(including v/ater in black) 

Milling Characteristics: All stocks were rough and crvirably.  (Similar 
to reclaim except stickier) 

Modulus @ ^QOfo 
Cure 

10» @ 280° F, 
20' " " 
30' "  " 
401 "  " 
50» "  " 

Tensile Strength 10» @ 280'' F. 
20» " '   " 
30» "  " 
401 "  " 

50» "  " 

Elongation 10» @ 280'- 
201 "  " 
30» " " 
40« " " 
50» "  " 

F. 

50 150 150 550 1050 
250 200 200 800 1000 
250 200 200 900 -1200 
250 200 250 950 1250 
150 - - 850 1250 

550 550 550 1200 1800* 
600 550 650* 1250 1450 
850* 550* 450 1400* 1550 
500 250 250 1250 1500 
150 150 100 1150 1350 

715 720 675 565 550 
650 710 655 530 510 
670 655 620 520 485 
645 505 500 480 440 
400 380 305 470 425 

♦cures used for rebound balls< 

Rebound {%) 
at room temp« 
at 212^ F. 

39 36 38 32 32 
61 52 58 46 52 
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Study of Goldenrod Rubber—GR-S Mixtures 
(Firestons Tire &  Rubber Co.) 

R53906 R55907 R55908 R53909 R53910 R53911 R53912 

GR-S 95 90 80 50 50 -> «■MM« 

Guayule     50   100 
Goldenrod rubber 5 10 20 50   100 —» 

Zinc Oxide 5 5 5 5 5 5 5 
Santocure 1.2 1.2 1.2 1.2 1. 2 1.2 1.2 
Stearic Acid 3 3 3 3 3 3 3 
Channel Black 50 50 50 65 50 100 100 
Bardol 3 3 3 1. 5 —-• 1.0 
Pine Tar 3 3 3 -— 1. 5 -— 1.0 
Sulfur 

- 
2 2 2 2.75 

176.95 
2. 

164. 
75 

■95 
3,5 

212.7 
3.5 

l6i.t 167,2 l67.¿ ¿14.7 

A stock containing 100 percent GR-S Vías not tes ted in this 
series. 
Cure 

Modulus ■ .15' @ 290' ̂F * * ♦ 1100 1400 _.- 

@ 400?^ 30» "  " 1400 1400 * 1650 —* 

50» "  " 1700 1700 1450 1800 -— --- •»«••M 

70» "  " 2050 2050 1550 1950 —• _— — 
901 ••  " * * 1650 * * * * 

Tensile 15» "  " * * * 2350 1800 950 1450 
Strength 30' "  " 2900 2200 * 2350 1950 1050 1300 

50» "  " 2325 2425 2375 2550 1600 1050 1250 
70' "  " 2475 2500 2525 2400 2100 ' 900 1250 
90» "  " * * 2600 * * * * 

Elonga- 15» "  " * * * 655 490 250 230 
tion 30« "  " 600 530 * 495 340 185 180 

50' "  " 485 515 525 500 270 200 185 
70» "  " 445 480 535 465 310 165 200 
90' "  " ♦ * 535 * * * * 

*This cure of this stock 'flras not tsi 3ted, 
Rebound {%) 
@ Room Tamp .50» " " 35 34 33 26 28** 21** 20** 
@ 212°,F. 43 42 41 37 36 21 20 

** cured 30» ® 290° F, 
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V-TABLE yi 

Use of Raw Goldenrod Rubber as an Extender in a GR~S Tread Stock 
(Firestone' Tire & Rubber Co.) 

R53531 R53905 

R53531 
GR-S 
Zinc Oxide 
Santocure 
Pine tar 
Bardol 
Stearic Acid 
Channel Black 
Sulfur 
Goldenrod 

167.2 
100 

5 
• 1.2 

3 
3 
3 

50 
2 

167.2 
10 

177.2 

Cure 

Modulus ® 400^ 60» @ 280 F. 
80« "  " 

1175 
1425 

850 
1025 

Tensile streng-öi60' " " 
80' " " 

3100 
3150 

2600 
2950 

Elongati on 60' "  " 
80« "  " 

610 
530 

660 
700 

Rebound 80' 

at room temp. 
at 212° F. 

32 
43 

33 
43 



V-TABLB VII 
Data on Vulcanizatas with p-AminOphenol Antioxidant 

(Firestone Tire & Rubber Co.) 

R53940 R53941 R53942 R53943 R53944 RD3945 

GR-S* 
Guayule 
GoIdenrod Rubber 

(with O.ofo  Flectol H) 
Goldenrod Rubber 

(with Ifo  para aminophenol) 
Pine Tar 
Bardol 
Channel Black* 
Zinc Oxide 
Santocure 
Stearic Acid 
Sulfur 

*Added as a black - GR-S masterbatcht 

100 80 
20 

Cure 
Modulus @ 400^ 20« @ 290" F. 

50» "  " 
'■Í 80!_^'.'. ."   

Tensile Strength 201 "  " 

50» "  " 
80« J.'^!  

Elongation 20« '»  " 
50« "  " 
80« "  " 

Rebound (% ) 
Room Temp. 50' "  " 

At 212° F. 50« "  " 

80 

20 

90 

10 

80 

20 

70 

30 

2.-6 2 ..6 2.6 2.6 2.6 2.6 

4.0 4.0 4.0 4.0 4,0 4.0 

50 50 50 50 50 50 

5 5 ■ 5 5 5 5 

1.2 1.2 1.2 1.2 1.2 1.2 

3 3 3 3 3 3 

2 2 2 2 2 2 

167.8 167.8 167.8 167.8 167.8 167.8 

Physical Testing Data 

750 800 700 1050 1000 1100 

1900 1450 1400 2000 1550 1550. 

2050 1600 .,1600..  11.50.   _.18.00_  1.60.0 

2150 2050 1800 . 2350 2250 2150 

2450 2300 2300 2450 2400 2150 

._MOQ.,.._._„.. ._2500.., .  2500  _265.0_..,. ^500 .. 140.0 

730 715 650 615 650 600 

465 540 535 440 515 485 

430 530 . . 505 450 

41 

490 

39 

 500 

41 37 37 38 

50 46 47 51 47 4=9 
I 



Tests Perfoirmed by the B> F> Goodrich Company> Both raw and precured 
goldenrod rubber which were submitted to this Comj^any were considered 
primarily as blending agents to extend and modify GR-S rubber. Test 
stocka were prepared on fairly large experimental mills, in approxi- 
mately 2 pound batches, and in each case carbon black was added to the 
extent required for a tread stock test* Six batches were milled and com- 
pounded; containing on the basis of the rubber used, 10JÍ, 20fo,  SO/o of raw 
goldenrod in GR-s/and 10;o, 20/'o, oO';o of precured goldenrod in GR-S. 
Their conclusions were thit modulus at 300/o, tensiles, and elongations 
favor use of raw rubber blends, v/hile precured blends were bettor in 
tear, flexing, and hysteresis, based on test data sumi^iarised in Tables 
IX and X.    \ 

The raw rubber was also blended up to 20fo mth hevea smoked shoet# 
Three hundred grams of plasticated smoke sheets (2176) were broken doivn 
on a mill and then sheeted around the front roll* Goldenrod rubber was 
added very slo^vly with time being allowed for each portion to blend in 
before more was added. V/ith the addition of 75 grams of goldenrod 
rubber, the batch became quite soft but could still be milled mthout- 
too much difficulty. However, the addition of a small amount more of 
the rubber caused the mix to stick to the rolls. The practical limit, 
therefore, appears to be one part goldenrod rubber to four parts smoked 
sheets. Based on 100 parts rubber, this gives a 20 parts replacement of 
the hevea. 

The recipes used are as follows: 

Recipe 

Smoked sheets 
Goldenrod 
Zinc Oxide 
Sulfur 
Captax 
Stearic Acid 
Sodium acetate 

^ 2,0 parts stearic acid based on the amount of goldenrod rubber present 
and 0»5 parts based on the smoked sheets» 

80 80 100 
30 20 - 

6 6 6 
3.5 5.5 3.5 
0.5 0.5 0.5 
0,8^ 0.8^ 0,5 
» 1.0 - 
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V-TABLE .VIII 

Properties  of Vulcanizates with 20 Parts  Hevea Smoked 
Sheet Replaced by Raw Goldenrod Rubber.     (Data  of 

B.   F.   Goodrich Company) 

Goodrich Plast» 
on Uri cured Smpl. 
30°G.-     70^G. Compound Time at 260° F, Tensile 700% Mod. Elong. 

A 20 975 » 1075 46,2      88,0 
40 2300 575 970 
60 2400 775 900 
80 2600 950 8^0 

100 2700 975 q E '^ 

120 2500 1025 855 

B 20 2400 850 90Ü . 36.4      87.4 
40 2725 1600 815 
60 3075 2000 810 
80 3000 2125 790 

100 2875 2375 745 
120 2975 2425 785 

C 20 2200 650 920 13.6      66.6 
40 3050 1300 875 
60 3300 1475 845 
80 3300 1825 815 

100 3075 1675 805 
120 3300 1675 820 

Although the addition of goldenrod rubber to hevea rubber in the 
A.G»S« test recipe produces a slow curing rubber v/ith poor physical proper- 
ties^ it has been found that by proper compounding, 20 parts of the 100 
parts smoked sheets can be replaced by goldenrod rubber without any de-» 
crease in tensile and modulus pro-parties • If more than a one-fifth 
replacement is attemj)ted, the mix becomes too soft and tacky for eaçy 
handling on the mill^ 

A small sample of the precured rubber alone was tried on a ver^r 
small laboratory mill, and as it softened rapidly 50 parts of carbon 
black were added at once. Additional precured rubber v;as put in the 
batch to reduce the carbon black to 25 parts, and to more nearly fill 
the small mill.  It was  held for subsequent remilling to incorporate ad- 
ditional accelerator» Microscopic examinations were imde of both raw 
and precured goldenrod rubber as submitted, and of a milled and com- 
pounded blend of ZOjo  goldenrod in GR-rS stock. 

over 



V-TABLE IX 
Compounded and  Uncompounded Goldenrod 

Rubber for  Extenders  for Stjrrene 
^ Sjmthetic Rubber  

(Data of B.   F.   Goodrich Co.) 

I 

o> 

Compound No« 
Recipe 
Styrene Synthetic Rbr» 
Raw Goldenrod Rubber 
Channel Black 
Zinc Oxide 
Sulfur * 
Santocure Accelerator 

Cure at 280^ F. 
15 Mn« 
30 
45 
75 

150 

Special Tests 
Durómeter Hardness 
%  Schopper Reboimd 
Goodrich Plasticity 5x35^ 

85^ 
100^ 

Tear at Room Temperature 
Tear at 212^'F. 
Cycles, 30x280^ F. ■ 

*■ o 
Hysteresis at 212 F. 

25x280 
40x280  

* I.C-»?5, Initial Compression % 
.A 1  Temperature Rise 

%  P.S., %  Permanent Set 

57DS12€ 

90,0 
10 
45.0 
5.0 
1.75 
1.50 

153.25 

300ÍÍ yo 

1600 2000 
1800 2000 
2000 2100 

- 1800 

E 

350 
315 
305 
280 

17x280 £2x280 
53     62 
36     40 

57DSI27 

80.0 
20.0 

153.25 

30a}^  T 
"4UÏÏ 1IÜ3" 
1100 2000 
1400 2100 
1400 2100 
1500 2200 

E 
54Ö 
450 
400 
360 
370 

17x280 32x280 
47     60 
30     39 

6.92 
26.1 
27.2 

TÜ7B    34.15 
3.4    17.4 

60,000 

10.8 
57.7 
62.8 

6.15 36.35 
0.7  19.1 

140,000 

*I.C.^'.T %  P.S.{I.C.^/T ^oP.S. 
30.7 106 B.019:21.3 64 26.8 
23.4 76 27.7 :20   49 14.6 

57DS128: 

70.0 
30.0 

153.25 

300?^ T 
~8ÜÜ^2ÜÜ 
1350 2400 
150Ó 2150 
1500 1900 
1600 2100 

B 

460 
400 
380 
370 

17x280 32x280 
56     66 
29     34 

■2TV9 
73.1 
66.3 

14.4     34.7 
6.1     19,5 

60,000 
I.C.^/ÏT %  P.S. 
22.9 94  36.5 
20.7 77  Bo? 

58DS200 

100.0 
Blank 

153.25 

300^ E 
Break only 600 
1300 2500 510 
1600 2400 400 
1800 2250 350 
2000 2100 315 

17x280 
62 
38 

32x280 
65 
40 

775 
16.5 
14.0 

18 18 

I.C.?i AT io  P.S. 
21  53   18 
20  47   13 



Compound No« 
Recipe 
Styrene Synthetic Rbr# 
Precured Goldenrod Rbr» 
Channel Black 
Zinc Oxide 
Sulfur 
Santocure Accelerator 

Cure at 280 
15 Min^. 
30 ti 

45 ff 

75 tf 

^n ft 

Special Tests 
Durometer Hardness 
%  Schopper Rebound  
Goodrich Plasticity 5x35^ 

85° 
100° 

Teaf.at Room Temperature 
Tear at 212° F. 
Cycles, 15x280° F. 

" .   30x280° F. 
Hysteresis at 212° F. 

25x260 
40x280 

* I.C.fo, Initial Compression % 
/\  T Temperature Rise 

%  P.S., % Permanent Set 

V-TABLE X 
Compounded and Uncompounded Goldenrod 
Rubber for Extenders for Styrene 

Synthetic Rubber  
(Data of B. F. Goodrich Co.) 

90.0 
IQ.O 
45.0 
5.0 
1.75 
1.50 

153.25 

300^  T 
TIÜÜ 'STÜÜ 
2000 2200 
1900 1900 
- ■1900 
- 1900 

E 
■44Ü" 

57DS150 

80.0 
20.0 

57DS13r 

70.0 
30.0 

153.25 

dOO/ó      T 

320 ílBOO 2000 
300 î  - 1800 
260 j  - 1700 
250 j  - 1700 

17x280 
57 
38 

32x280 
66 
44 

4.71 
20.5 
15.6 

23.05    27.4 
11.4     13.8 

180,000 . 
40,000 

*I.G.?^ AT ^P.S. 
21.4  54  21 
18.2  41  11.2 

E 

310 
260 
250 
250 

17x280 
59 
40 

32x280 
64 
45 

3.78 
22,4 
32.8 

25.5    28.65 
17.4    15,7 

210,000 
25,000 

l.G.%   AT %  P.S. 
19.6 46  21.2 
18.4 37  11.3 

153.25 

50CF/,    T E 

58DSaOO 

100 
Blank 

153.25 

- 1700 240 
- 1700 230 
- 1600 200 
- 1600 200 

17x280 32x280 
65      70 
40      41 

SOO/Í 
îBreak only 
1300 2500 
1600 2400 
1800 2250 
2000 2100 

17x280 
62 
38 

5,02 
48.1 
43.3 

E 
-WÜ 
510 
400 
350 
315 

32x280 
65 
40 

7.5 
16.5 
14.0 

38.65    31.2 1 
16.8 17.1 ! 

70,000 ! 
45,000 1 

I.C.JiS /^kT %  P.S.i 
16.2 47  15.3 I 
13.9 38   9.9 i 

28 
18 

I.C.^ 
21 
20 

27 
18 

,A T %  P.S. 
52 
47 

18 
15 

I 
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Suiîijmry of Tests by Rubber Ifenufacturers 
Rav\r Goldenrod Rubber 

Milling and Fabricating Properties, Raw goldenrod' rubber as produced 
at present is too sticky and soft to be milled, and handling the material 
even with a large excess of added carbon black -vvas extremely difficult 
and unsatisfactory, although a stock was finally produced which gave a 
maximum tensile strength of 1050 pounds per square inch#  In blends with 
GR-S type synthetic rubbers, the raw goldenrod rubber can be milled 
satisfactorily up to substantial percentages in the mix1:\Are# Amounts be- 
low 10^ in fact have little or no effect on the milling properties of 
the synthetic; from lOfo  to ZC^i  the stock is softened and building tack 
is definitely increased; and a stock containing 50já is excessively 
softened and becomes sticky without gaining much more in tack. In 
blends up to 30^^. the it^terial is amenable to usual milling, compounding, 
sheeting, and calendering practices, and its properties for,tubing 
should be improved»        ....  i 

Yulcani¿ing (Curing)♦ These experiments bring to..the fore the problem 
of compatibility of goldenrod and synthetic rubbers as to their vulcaniz- 
ing characteristics, ivhich must differ rather v/idely* Fractionation 
confirms the observation that the polymer chain lengths of both types 
vary over vdde ranges, but that the average chain length of goldenrod is 
small while that of the sjmthetic rubber is large. Goldenrod rubber is 
fast curing; as produced its acidic resin content is very low and it re- 
quires added stearic acid; and its optimum curing temperature is low* 
Synthetic rubber is slow curing; it contains fatty acid due. to soap 
used in the emulsion poljnrierization so no addition is required, and its 
optimum curing temperature is high.  It is significant that ohe company 
cured the blended stocks at the low temperature of 260^ F» suitable for 

o 
goldenrod, one chose an intermediate temperature of 290 F., and one 
proposed to cure the blends at the high temperature of 310^- P# best 
suited to the s;/nthetic rubber. 

Tensile Properties» Tiihen cured at 260^ F. the addition :of goldenrod 
to synthetic rubber resulted in lower ultimate tensile strengths and 
elongations than are obtained v/ith either* rubber alone. ^ Similar blends 
cured at 290^ F# gave ultimate tensile strengths approaching that of 
synthetic rubber alone^ ranging from 2900 pounds per square inch for 
the b%  goldenrod blend, to 2550 pounds per square inch for the 50)i 
goldenrod blend, appreciably above the value obtained for goldenrod 
rubber alone* A parallel blend of 50^ guayule in the same synthetic 
stock gave only 2100 pounds per square inch maximum tensile strength 
at a somewhat longer curing time. The modulus, or tensile strength at 
400^ elongation, of all blends was decreased, but ^vas relatively 
higher in respect to the ultimate strength for the 50^o blend in which 
it was 1800 pounds per square inch. Elongation at break of the blended 
stocks was considerably improved hy  even the lov\rer percentages of 
goldenrod, and reached values of 500^-«-*600^o* This effect appeared to 
be disproportionate to the amount of goldenrod rubber incorporated» 
In a test on a vulcanisate containing but 10 parts of goldenrod to 100 
parts of GR^S synthetic as its rubber constituents, and cured for 80 



minuto« at 280^ P., elongation was increaôed from 530^ to 70CÇÎ* fho 
modulus at 400^ elongation was deoreased from 142S to X025 pound* per 
square inch, and the ultimate tensile strength from 3150 to 2950 potindi 
per square inch* In view of the conti*ädictory results ohtfttned by 
curing at a temperature as low as 260^ ,F», further dhecks on the 
optimum curing conditions for the blended rubbers will be necessary» 

Hysteresis and Rebounds In a gum stock, prepared In this case from. 
precureà goIdenrod rubber, the hysteresis value of goldenrod alone 
approaches that of pale crepe rubber, and is generally comparable to 
hevea rubber* Hysteresis of straight (JR^S  gum stock is higher, Wich 
is undesirable because of the increased tendency to heat in flexing^ 
The values for tread stock» are of greater practical significance; in 
these stocks containing,carbon black hevea (pale crepe) has an absolute 
hysteresis of 7.0 (room temp#), and 5.5 (280<^ P.), v*iile GR^S  alone 
gave values of IS.S (room temp.), and 4.5 (280^ F.). A blended stock 
of 50 - 50 goldenrod-GR-3 rubber tread stock had absolute hysteresis 
values of 9«5, (room temp.), and 3»7 (280^ P.), ne6\r those of hevea 
rubber. - - 

Rebound tests as made by the Pirestone Company are an index of . 
fatigue and elastic properties, and a measure of the  "efficiency*' of 
the rubber* In this test, blending of up to 2<?i goldenrod in GR-S 
synthetic rubber had a negligible effect on the rebound efficiency, 
in Spite of a decreased tensile modulus and greatly increased eloiiga-^ 
tion. A blend containing 50^ goldenrod showed a decreased rebound 
efficiency. This property^of conferring greater extensibility in 
GR-S blends containing goldenrod rubber should be correlated with the 
reduction of hysteresis'.in similar blends♦ 

. ,'  ï^recxpred Goldenrod Rubber 

Milling and Fabricating Properties» Precured goldenrod rubber cah 
be handlea On a mill without addition of carbon black if the tençera- 
ture of the rolls is kept below 140^ F., and a certain amount of 
additional compounding ingredients can be worked in# but it is doubtful 
if the operation would be practical. Milling time is limited because 
of the readiness with Tidiich this rubber breaks down^ and beeause of the 
"nerve" and softness of the stock, dispersion of added solids Í9  diffi- 
cult. Gum stocks were prepared and sheeted satisfactorily for testing 
purposes4 but these stocks could not be calendered^ 

As over ninety-height per cent of all manuftxcturedr Rubber good« 
contains fillers, principally caifbon blacks, the procesáiñg pi^operties 
of tread stocks containing carbon black are, of greate^st importance^ 
Addition of 50 parts or more of carbon black to tha, procured rubber on 
the mill resulted in a stock that could be handled satisfactorily, and 
milled for a much longer time. Working of the stock was continued, 
until a good dispersion of black wa4 obtained as indicated by a.'glossy 
sheen# the stock could be sheeted to ä uniform,, smooth sheets' and á 
$heet of one batch of tread stock vtel calendereci éfitis*f^ótbrií^_ W^i^^ 
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esplender r^lls »et at 0.03S". These »toekg had good building tack» 
Opinions varied on the effect of the »tickines« and softness of the 
stock in fabricating operations^ but it was believed that the material 
could be handled.  It was also evident that these goldenrod rubber 
tread stocks could be extruded in tho.Hubing" process for making tire 
treads• The stickiness of the material in the form prepared in these 
tests made it doubtful that inner tubes could be molded successfully 
from extruded forms of this stock» 

Vulcanising (Curing)# Because of the partial cuiring to which the 
rubber had been subjected in its preparation^ some adjustment is 
probably necessary in the final vulcanizing conditions.  That these con- 
ditions are not extremely critical is evident from the concordant 
result« on both gum and tread stocks ef this rubber, cured in one labora- 
tory at 260^ F» for periods ranging from 20 - 60 minutes, and in another 
at 280^ F* for 10 - SO minutes. A test for the state of cure (T*-50) in- 
dicated that at the lower temperature the gum stocks .were somewhat 
ovéroured, while the tread stocks were in most cases undercxured. This 
test, was not run on vulcanisâtes made at the higher temperatureí 
nevertheless in most of the tests at both temperatures maximxim points 
were.obtained in the time ofcure-tensile strength curves, indicating 
that an optimum cure for the conditions used was reached« 

A determination of the chemically combined sulfur in one lot of the 
precured goldenrod rubber gave 0»96^, of a total sulfur content of 
5#099í# This wai5 considered to be too high, and further work was urged 
to determine the very minimum extent of procuring which will permit 
handling and milling of the material« Work toward this objective was 
undertaken at the Southern Regional Research Laboratory, as described 
in Section IV.  It was suggested that the extent of precuring might \)e 
controlled more effectively by limiting the amount of sulfur used^ 
rather than by reducing the amount ot  accelerator as was done in some 
of the preparations made for use in these tests. Opinions differed as 
to the use of special acceleirators rather than Captax (mercaptobento- 
thiasole) vdiich is the most widely used accelerator in rubber 
manufact\a*ing practice.. Introduction of rapid, or "booster** 
accelerators, and types that work only at high temperatures way be 
objectionable in the precured rubber because of the complication of 
the subsequent final vulcanisation process. Captax is best understood^ 
and its action is easily controlled, but in combination with stearic 
acid it has a softening effect on hevea rubber» and goldenrod rubber 
is inherently soft. The suggestion was made that further work be done 
on addition of fillers and carbon black to the rubber solution in an 
atteitpt to prepare raw rubber in a form tljat can be handled without 
any precuring, but preliminary trials previously made, along this line 
had not been "Very promisin^g» 

Tensile Properties « Tifhen cured at 2&0^ F. and 260^ F. the highest 
ultimate tensile strengths obtained for gum stocks wer^ ¡970 pounds 
per square inch, and 850 pounds per square inch, respectively. These 
are very much lower than gum stock tensiles obtainable with hevea 
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rubber, but are appreciably higher than the gum stock tensiles of GR-S 
type rubbers.  Even at 260 ?• the indication of the T-50 test for state 
of cure, and the decrease of elongations with increased curing times, 
indicated that these gum stocks may have been overcured.  The tensile 
modulus at 400;^ elongation of goldenrod gum stocks was low, in line with 
its very high ultimate elongations reaching over 700;;^. The importance 
of tests on gum stocks is for the evaluation of the quality of the 
rubber itself, rather than determination of its properties for use in 
manufactured rubber goods» 

The highest ultimate tensile strengths obtained on regular tread 
stocks containing 50 and 58 parts of carbon black were 1400 pounds per 
square inch at 280^ P., and 1700 pounds per square inch at 260*^ F. The 
tensile modulus at 400^ elongation was considerably higher than that 
of the gum stocks, while the ultimate elongation was lower, but still 
over 500j$, The effect of wetting the carbon black in one special 
tread stock was of particular interest. The black was first imiformly 
wetted with 20^ of its weight of water, and added to the l^atch in the 
usual manner on the mill. The cooling effect increased the breakdown 
and stickiness of the stock, but it ^ras satisfactorily milled and 
sheetedé This stock, cured at 280^ F», gave an ultimate tensile 
strength of 1800 pounds per square inch, 50^ higher than the same cure 
with unwetted carbon black, vvith 10 minutes curing time; the tensile 
modulus at 400^o elongation was almost double that of the comparable 
control, and the ultimate elongation was 550^0 compared to 565^ for the 
control. Yßth a longer cure for 30 minutes the stock made vdthout 
wetting gave higher values than it did for onljr 10 minutes curing, but 
not equal to this wetted stock at any curing time. 

Hysteresis, Rebound, and Aging. As stated above in connection with 
hysteresis tests of goldenrod-GR-S blends/*the absolute hysteresis of 
straight goldenrod rubber approaches that of hevea rubber when tested 
as gum stock* Rebound values on the gum stocks were 36^^^ 5dfo  at room 
temperature, and 52^ ^61%  at 212^ F., about three-fourths of the 
values obtainable with hetiea rubber gum stocks. The tread stocks gave 
values of 32;^ at room temperature^ and 4:6%  -* 52^ at 218^ F# The 
higher value of 52^ was given by the stock in which the wetted carbon 
black had been used. The values are somewhat higher for straight 
goldenrod tread stocks than for the blends with .GR-S synthetic rubber* 
Aging tests were made on a fev/ samples, and indicated that the aging 
characteristics of both gum and troàd stocks of goldenrod rubber are 
good, and there is nç inherent tendency to deterioration in this type 
of rubber when vulcanized*        '•• ** 

Both preparations - raw and procured - were of definite interest, 
and improvements in methods of preparation and quality of the products 
were indicated for further development* Results of these preliminary 
processing tests had shown that: 

1. Raw goldenrod rubber can be blended with GR-S sjmthetic rubber 
up to at least 30fo with desirable results, and has the desiî*able 

over 
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properties of increasing building tack, reducing absolute hysteresis, 
and increasing elongation of the product, and can replace up to 20^ of 
hevea with satisfactory results• 

2.     If goldenrod rubber is used for blending with GR-S, solution 
compounding and procuring of the rubber seems to be unnecessary and 
would be imdesirable; a.method of handling and shipping the sticky raw 
rubber must be devised« 

3* Procured goldenrod rubber has desirable properties and can be 
satisfactorily processed by milling, calendering, and extruding in the 
form of tread stocks with carbon black filler«  Improvement of the 
quality of this product for the best possible processing to develop its 
maximum properties can be made by limiting the extent of procuring to 
a minimum« 

4* If milling and compounding procedures are completely worked out 
for goldenrod rubber, either procured or in blends with GR-S, the 
quality of the stocks produced will permit subsequent manufacturing 
operations without any difficulties« 

The results summarized served to establish the most imperative lines 
of work on perfection of a practical process for producing goldenrod 
rubber, and to indicate experimental studies which were of importance 
in developing its optimism properties for industrial application« The 
most important advance was the change in the direction of the develop- 
ment of the procuring procedure toward the use of less sulfur as a 
means of limiting the extent of procure«  The accelerator was held at 
the same or higher levels, still below the final amount required for 
complete vulcanization, so that more latitude remained in the possi- 
bilities of final compounding on the mill« Later the use of a com- 
bination of D«P«G. with Gaptax resulted in a considerable uniform 
increase of tensile strength, particularly of gum stocks, and 
permitted more effective adjustment and control of the cçnditions and 
extent of procure applied» 

At the time that substantial quantities of procured rubber, in 8-10 
pound lots of somewhat more satisfactorjr consistency and degree of pro- 
cure, became available, advantage was taken of the offer of the U« S« 
Rubber Company to mold a number of small advertising model tires such 
as are used on ash trays, as a demonstration and test of the suitability 
of a tread stock for extrusion and molding» At an earlier date this 
Company had carried out laboratory vulcanizations and physical tests on 
a half po\ind sample of fully compounded stbck, to determine the'corre- 
lation of results obtainable by their test procedieres and those of the 
Laboratory« This sample ^vas a composite of ma-terial procured in the 
small Banbury mixer using reduced amounts of sulfur and accelerators, 
the final additions of these chemicals being made during milling» 
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STOCK FOR COIÜRELATION OF TEST .DATA . 

Rubber 
Sulfur 
Thiotax 
DtP.G* 
Flectol H 
Zinc Stéarate 
Zinc Oxide 
Carbon (Statex) 

Pi 
In Mixer • 

irts Added 
In Milling Total 

100 . 100 
0.6 - 1.0 2.9-2.5 .3,5 
0.5 - 0.75 0.5-0.25 1.0 
0,2 *• Oé3 0.1-0 0.3 

1.0 - 1.0 
5,5 - 5.5 
5.5 - 5.5 

50.0 - 50.0 

The same ctJiring temperatiore and times were used both at the U* S* 
Rubber Company and the Southern Regional Research Laboratory, but the 
former made the cures in Chelsea molds approximately 0,1" thick, instead 
of 0»06" thick standard molds as used by the Laboratory, The results 
were as follows: 

CORRELATION OF TEST DATA 

Time of    Tensile Strength      Ultimate Elong* T-50 
Cure At p«s,i* % ^C* 
260^F*     U.S^R. S.R.R.L*   .  U*S*R*  S^R.R.L.        U.S^R. 

Ultimate 

U.S.R. 

Elong. 

o .Xí.K.IJ. 

560 
510 
440 

500 
475 
450 

20 ,       2800     3085        560      500 -13•é 
30        2650     3015        510       476 -31.0 
40        2650     3080        440      450 -^25*6 

This indicates that there is,around 300 to 400 p.s^it difference in 
the tensile, attributable to the difference in thickness of the test 
specimens % This is not ancuncommon result and is generally known to be 
true* The results indicated a flat curing stock of good qualitjr» A 
single abrasion test, on which too much value cannot be placed, showed 
not much difference between this stock and the abrasion standard used 
by the JJ. S*  Rubber Company. The correlation of results was sufficient- 
ly close that tests on precured or compounded stocks 3mde at the 
Southern Regional Research Laboratory would -adequately measure the suit*- 
ability of the stock for use in further testing and ^processing by the 
rubber manufacturer. 

For the purpose of molding the small ash tray sample tir,os, approxi-^ 
mately 26 pounds of fully compounded stock was prepared* This larger 
supply was a composite of three batches preoured in the Baker**Perkinô 
mixer^ in which about 9*»10 pounds of material could be handled in a 
batch. After extensilve milling and vulcanizing tests on the first 
dozen runs*of rubber prepared in this mixer, the three batches were 
selected as having the most desirable properties in-regard to both pro^ 
cessitig and vulcanízate quality* The rubber used up to this time had 

over 
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not been purified by reprecipitation 
composite batch selected for this tes 
soluble material, 11.9^. of. the crude 
maximxam tensile strength is required» 
quire, material of the highest tensile 
Several variâtioniS of the formula and 
obtain the best possible results with 
goldenrod rubber available. 

in large quantities, therefore the 
t contained somewhat more acetone 
rubber, than is desirable when 

The small model tires did not re- 
strength for their fabrication« 
curing conditions were tried, to 
the given quality of the procured 

• The composition of the precured rubber, the additional chemicals and 
carbon black added in milling, and the final formulation are shown in 
Table XI. After blending proportional amounts of the -three lots of pre- 
cured material to make a mill batch of about 500 g. (iraximum capacity 
of the laboratory mill) and smoothing out the rubber, the accelerators, 
suifur, and zinc oxide were milled in and dispersed to prepare gum 
stock on the following typical schedule: 

Rolls:  4" diameter, 7" wide (between guards). 
12 r.p.m. front roll, 16 r.p.m. back roll. 
Water cooled to 63°Fb-65^F. 

Additions 

None-Smoothing 
Accelerators 
Sulfur 
Zinc Oxide 
None-dispersing 

Spacing 

0*033" 
0.033" 
0.043" 
0^043". 
0.050" 

Time 

Total 

2 min. 

1* 
II 

2 tT 

2 1! 

2* 
tf 

10 min< 

The gum stock was sheeted five times, and v/as not too sticky to be 
handled and cut from the chilled rolls by regular milling technique» 
All of the material was milled into gwii stock, requiring the milling 
of eighteen batches on the small mill« 

This gum stock was next ret\jrned to the mill in batches of about 
350 g., allowing, for the addition of 50 parts carbon to make a 450 g. 
(approximately 1 pound) finished batch within the" mill capacity. 
Carbon dispersion was best accomplished by milling on "i^varm rolls, with 
120^ p. front roll,.and 100^ F. back roll, spaced 0.035" initially 
xmtil enough carbpn was taken up to prevent sticking; most of the carbon 
was then added in'5-6 minutes with the rolls opened to OoOGT-O.OVO", and 
final dispersion accomplished by 4-5 minutes milling at a roll spacing 
of 0«060". At the end of the milling the rolls were rapidly cooled, 
and as soon as the temperature of the stock was lowered it could be cut 
from the rolls and sheeted five or six times.  Twenty-seven such tread 
stock batches were milled to produce the amount required.  Table XI 
gives the results of vulcanization and test data obtained on this stock 
at the Southern Regional Reö*earch Laboratory. 
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V--TABLE XI 
Fully Coînpounded Tread Stock for 

Ué S. Rubber Co. Molding of Ash Tray Tires 
Parts Added 

In Procure 
Rubber (resin-free) 100 
Resins (acetone soluble) 13«S 
Sulfur 1,0 
Thiotax "0^95 
D.Péa» 0»43 
Zinc Stoarate 5#63 
Zinc Oxide •- 
Flectol H 1.12 
Carbon Black (Statex) -^ 

In Milling Final Parts 
- loo 

, - 13.5 
2.85 3.85 
0.15 1.10 
0.45 0.88 
- 5.63 

5.63 5.63 
> 1.12 

50,0 50.0 

V'ulcanization and Test Data 
Composite Gum Stock Sample: 

CiAre 
@ 260^^' F. 

20 îlin. 
40 II 

60 II 

@ 276° F. 
30 Hin. 
45- Il 

l'îodulus p.s.i. 
300>ti 500J^. 
173 65ë 
240 10Ö0 
235 950 

240 '915 
270 850 

Maximma Tensile 
p. s. i. 

2000 
1455 

1730 
1490 

Ult. Elong. 

.   % 
650 
600, 

.550 

600 
600 

Random Samples of Individual Mill Batohes-Troad Stocks 

■ Cure.- I . 

@ 260° F-,.. 
40' Min. 
.40 ." 
40 " 
40 " 

, - Averg. 

Cure 
@ 260° F. 

Modulus p.s.i. 
300% • 500^0 
710 ■ 1900 
765 1900 
785 1935 
800 1965 
765 1925 

20 
30 
40 
50 
60 
70 

276° F.. 
•15 îlin. 
30 " 
45 " 

590. 1540 
690 1840 
740 1840 
755 2000 
820 1935 
785 2000 

655 1605 
785 1900 
785 1935 

Maxiraum Tensile Ult. Elong. 
'■■ p. s. i. % 

2200 575 
2270 550 
2170 550, 
2300 575 

■ -2235 '"•' 562 

One Representative Batch-Tread Sto< 
' Ult. T-50 

Elong. °c. 
2205 625 -* 

2265 600 -14.2,-14.6 
2230 575 -16.8,-17.2 
2265 550 -17.2,-17,4 
2230 550 -19.7,-20.4 
2165 550 — 

2230 600 -13.6,-14.0 
■ 2330 *  625 *-18.3,-19,6 
' 2265 550 -20.4,-21.4 
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The stock was formed for moldin*g by extrusion in a factory type 
tubing machine, and was molded without any difficulty in a nine place 
gang mold to produce about 30 of. the. advertising sample tires.  These 
"tires" are, of course, a single piece molding from a simple blank of 
homogeneous stock, with no ply construction involved« This test indi- 
cated the possibility of handling properly compoimded precured golden- 
rod rubber in factory operations and of proceeding to the fabrication 
of a built.-up tire involving ply construction« 

Bicycle Tire Manufacturing Test 

* In order to test the practical value of goldenrod rubber on a larger 
scale and to determine conclusively the possibility of handling large 
amounts in regular factory operations, it was decided with the coopera- 
tion of the U« S. Rubber Company, to manufacture a factory production 
run of bicycle tires* The fabrication of bicycle tires involves all of 
the operations of automotive tire mariufactiare, but could be carried out 
with a smaller amount of rubber to produce a sufficient number of tires 
for a fairly representative.production test. Although the completed 
standard 26x2«125" bicycle casings are made from a little over two 
pounds each of vulcanized rubber stock containing about a pound and a 
quarter of crude rubber, a minimum of one hundred pounds of rubber was 
necessary to prepare sufficient stock to load factory processing mills 
and calenders« Small sanples for laboratory examination were first ^^ 
submitted to the Development Department of the Indianapolis plant of 
the Ü. S. Rubber Company, and later approximately 170 poimds' of precured 
rubber was supplied for the. purpose of making the tires« 

The precured rubber was produced in full pilot plant-scale production 
from general harvest material of the 1943 crop. For this production the 
procuring operation was carried out in*the«large jacketed Loomis mixer, 
the batch capacity of which was 20-^22 pounds of product, and the ship- 
ment was made up of ten individual batches of rubber. As the conditions 
and control of precuring were still in the development stage at this 
time, the different batches varied in plasticitjr and milling properties, 
although their composition was essentially the same« All of the rubber 
used had been purified by reprecipitation with acetone to reduce the 
resin content to an average of approximately 5^, and the amounts of pre- 
curing chemicals added were very nearly the sam^, for all batches« Three 
of the batches were made employing a 10^ increase in the amount of 
sulfur and accelerators, to produce firmer and drier material'that would 
stand longer milling. Before milling the entire 170 pounds o? material, 
a 50 pound test batch was milled blending equal weights of each batch, 
and a final laboratory study was made to determine the best compounding 
formula applicable to this homogeneous composite batch of rubber« 

The results of the formulation study are given in Table XII« Choice 
of the formula v/as restricted by two essential conditions:  the addd- 
tions of carbon black and zinc oxide should be such as to reduce the 
excessive softness and stickiness of the stock and give satisfactory 
milling characteristics, and at the same time the best possible physical 
properties should be obtained with the restriction of final vulcanization 
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conditions to 10 minutes cure at 330^ F., the regular operating condi- 
tions in the faotory molds, where the goldenrod tires were interspersed 
v/ith the regular production.  In the laboratory platen molds for test 
strips^ curing 8-10 minutes at 307^ F# gives results equivalent to those 
obtained at 330^ F* in the imtch case tire molds in the factoryé The 
final formulation given in Table XII is in error by about 1% because of 
the slightly higher resin content of the composite base stock, 5.24 
parts, instead of the value 3.8^ applicable to a preliminary sample 
composed of the first two only of the ten batches finally used* The 
correction has not been made because the effect of this slight varia** 
ti on upon the results obtained was negligible« The use of a combina- 
tion of half channel and half furnace black was especially advantageèus 
in improving milling properties. The use of a much larger amount of 
zinc oxide in the best stock. No« 1Ù,  is noteworthy; in,previous ex*- 
perienoe at the Southern Regional „Research Laboratory even 6.5 parts «f 
zinc oxide had a marked effect in making the stock softer and stickier, 
but addition of the zinc oxide simultaneously with the com"bination of 
carbon blacks permitted satisfactory handling, and the increase to at 
least 17«5 parts improved the tensile strength considerably. The 
tensile-^time curing data at the bottom of Table XII show a reasonably 
safe, flat curing curve, with a maximum at 10 minutes, the required 
factory vulcanization time schedule# 

For the manufacturing operations, four mill batches were made of the 
predetermined composition and following weight's: 

Lbs, Ozs. Parts ■ 
Base stock 30 6 111.45 (98.7 rubber) 
Sulfur 13 5.00 
Captax 1 0.23 
D.P.G. 2 0.46 
Zinc Oxide 4 12 17.6t 
Carbon black EPC (Wyex) 6 14 25.5 

"    '*   BMF  (Gastex) 6 14 
" '0' ' ■ 

25.5 
5Ö 

The mill was one of the standard 40" by 15" diameter machines, 
operating at a front rtll surface speed of 22 yards per minute (16.8 
r,p.m.) and back roll speed of 30 yards per minute (22,9 r.p.m.). No 
particular difficulty wxs  encountered during milling by regular factory 
operators. Sulfur and a^ccel^rators were first put in together, followed 
by the mixture of zinc oxide and carbon blacks, the total milling time 
being 30 minutes.  Toivard the finish the stock softened but did not 
become excessively sticky, and \m.ß  readily rolled off in a manageable 

• sheet.  The speed of the mill used was the slower of two standard mill 
speeds in use, as it'was felt that a high speed mill would almost cer- 
tainly effect too much heating and softening of the stock. The rolls 
were water «^cooled, but the stock after mailing v/a s at a temperatxire of 
130^F.-140O F. 

'■ '    over ^ 



V-TABLB XII 
FORIIUUTION'& TEST bÀTÂ  oil BICYCLE TIRE STOCK 

(Data  of I.  S.  Rubber Co.) 

00 Base Stock 
Goldenrod rubber (resin-free basis) 
Resins (acetone soluble) 
Sulphur 
Thiotax 
D.F.G. 
Zinc Stéarate 
Flectol H 

Prelim, Samp, 
2 Batches 

100.00 
5.80 
0.60 
0.75 
0,30 
5.50 
0,50 

111.45 
In this discussion, the term "base stock" will apply to the above. 

Composite 
10 Batches 
ioö.öo— 

5.24 
Û.62 
0.77 
0.31 
5.50 
0.50 

112.94 

Laboratory Work 
To eliminate the excessive softness and stickines 
properties, the following batches were mixed and 

s of the stock to 
cvired : 

obtain good processing and physical 

1 
.111.40 

2.90 
.25 
.50 

5.50 
50,00 

111.45 
2.90 
.25 
.50 

5.50 
100.00 

111.45 
2.90 
.25 
.50 

5.50 
150,00 

Base Stock 
Sulphur 
Thiotax 
D.P.G. 
Zinc Oxide 
mSF  Black(Kosmos 40) 
EPC Black (Wyex) -      .-  ' ,  - 
**Magnesium Oxide     ^  -      -     _. - 

*SRP (Gastex) 
♦*Very difficult to disperse 

Shore Hardness        65     85   ■  94 
Tensile/in.2 1970    1320    1090 
Elongation in % 540     160     70 
Comments on milling    Sticky  O.K.    Dry & 

Leathery 
Cure time - 8 min. © 307° F, 

Laboratory Batch #10 was  chosen for factory trial, 
equal portions of 10 batches received. 

4  
Tn.45 

¿.90 
.25 
.50 

10.00 
50,00 

5 
111.45 

2.90 
.25 
.50 

17.50 
50.00 

6 
111.45 

2.;90 
.25 
.50 

25.00 
,50.00 

7 
TTTM 

2.90 
.25 
.50 

10.00 
50.00 

8 
111.45 

2.90 
.25 
.50 

10,00 
50.00 

9 
111.45 

2,90 
.25 
.50 

10.00 
50.00 

10 
111.4Ö 

2.90 
.25 
•,50 

17,50 
*25.00 
25.00 

5.00      10,00      15.00 

64 
1200 
32C 
O.K, 

66 
1960 
4&0 
O.K. 

65 
1960 
440 
O.K. 

62 64 65 66 
1690        1810 1710 1950 
460 510 500 470 
Sticky    Sticky      V, O.K. 

Sticky 

Tlie base stock used in factory work was a blend of 

Continued 



Physical data .on" factory niixed  stock follows: 

V-TABLE XII 
(continued) 

Cure in minutes © 307^ ?• ' 

Tensile - Lbs «/in« 
Elongation in % 
Modulus @ 200^ 

300^ 
500^ 

Shore Hardness 
Tear - Lbs»/inch thickness ♦ 
Specific Gravity - 1*207 

10 15 

2000 2Ü30 1950 2160 1870 
650 550 . 470 510 470 
400 525 605 730 535 
725 895 1050 1215 1010 

1490 1860 - 2190 — 
60 62 66 65 64 

9.6 9,6 5.5 4,9 4.2 

*  Tongue-shear tear test,  modified method of Viiright,   I.B#C»(Anal,  Ed*) 
Vol«  1,  17-20  (1929)* 

< 
t 

CO 
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The construction of the standard 26x2»125 U* S. No, 500 chain tread 
casings is illustrated in Figure 1* Attempts to extrude, or "tube,^' 
the cover of the casing in one piece (Figure 1,A) including tread and 
sidewalls, were unsuccessful, as the stock heated and becane too sticky 
to handle upon extrusion« As an alternative procedure the stock was 
calendered to gage, and rolls of stock were prepared in two strip 
sizes;  5-5/8'^ wide by 0.045" thick, and 2-3/8" v/ide by O,090"-0*095" 
thick. By laying these strips one upon the other as in Figure 1,B, in 
building each hoop cover, an amount and distribution of rubber stock 
.approxinately equivalent to section A could be obtained, and this pro- 
cedure i^s adopted. A standard cotton cord fabric, coated by friction- 
ing with the sanie stock of goldenrod rubber, was built into a center 
lap construction mth tv/o plys around each bead and three plys under 
the center crown, as shown in Figure 1,B« Cord angle was 48^, deter-* 
mined as explained below by the cutting of the coated fabric. The 
hoops were preformed and vulcanized in the requisite molds to the shape 
and cross-sectional structure approximately illustrated in Figure 1,C« 

Calendering of all the requisite parts of the tire was a continuous 
operation, on a standard tliree-roll factoi^r calender. Rolls were cooled 
to 70^-80^ F., and tlie machine was kept loaded manually by addition of 
successive charges of the milled stock. The 45 gage 5-5/8" strip was 
cut off first and the strip rolled in a varnished cambric liner (Texto- 
lin), after which the gage was increased to 90-95 and a 2-3/8" strip 
cut off and rolled in a similar liner. These operations were carried 
out by the regular calender crew.  Considerable difficulty -was encountered 
due to stickiness of the stock, but was largely overcome by soaping the 
rolls to assist separation of the strip of stock.  The soft stock strip 
broke occasionally. On the^basis of these observations, it was evident 
that a skim coated fabric could not be prepared from this soft material^ 
however, the goldenrod stock lent itself ideally to skim coat applica- 
tion. The bottom speed of the bottom calender roll was increased with 
respect to the other two, and the rubber was frictioned onto standard 
40" wide fabric, first on one side and then on the other. This opera- 
tion proceeded very well, and about 50 yards of coated fabric were 
rolled in a wide Textolin liner. This fabric vms later cut into strips 
at a 48^ angle to the cord direction, by regular operators using a 
Spadone fabric cutting machine. There was occasional tendency for 
the material to stick to the knife blade, but not too much difficulty 
was encountered.  Cloth liners were used to roll the cut fabric. 

Building of the tire hoops v^s  carried out during half of one regular 
shift by an operator on one of the semi-automatic center lap tire build- 
ing machines. This machine is relatively simple and its mechanical 
operations greatly facilitate the manual operations involved in plying 
the material. Standard wire beads, coated with a very small amount of 
hevea reclaim stock, were employed.  In this job two beads are first 
looped in grooves on the powered rollers of the machine. The fabric 
strip is fed from its spool behind the machine (as faced by the 
operator), the feed being controlled by foot pedal, and the required 
length of fabric is ripped off and Joined in a hoop.  It is deftly* itniled 
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over each bead and lapped by running twice around over the rollers# 
Next the wide sidewail cover strip is drawn from one spool at the 
operator's left and run on over the fabric, cut to length, and joined« 
Scissors are used for cutting the strip, and a hot knife is employed to 
remove excess rubber at the joining point and ensure a smooth, con** . 
tinuous, bond of rubber.. The tread strip was similarly applied, being . 
manually centered, and the completed hoop was released £md taken of-f' 
the machine♦ No difficulty whatever was experienced in joining ends and 
holding the various parts in position, the stock having excessive tack» 
The operator was assisted in speeding the job by two men who helped re- 
move the rubber strips from the varnished cambric and fed it smoothly to 
the machine, as the stobk tended to adhere to this liner.  It was believed 
that cloth liners would be more satisfactory,"and part of .the tread strip 
was rerolled^in cloth from which it -^vas readily handled« 

Pifty-five hoops were built from the available stock and fabric. As 
they were completed in groups of six they were placed on a chain conveyor 
with regular production tires and carried through the soapstone blov/er to 
coat them for handling. The regular operators took these hoops in turn 
and had no difficulty in inserting the steam bags and preforming in 
vacuum boxes to approximate tire casing form» From this operation they 
proceeded along with standard tires to vulcanization in the appropriate 
watch-case molds on the same 10 minute curing cycle at 330^ F» as the 
victory grade all-reclaim bicycle tires in regular production at the 
time# Trimming, buffing, waxing, and inspection were carried out in 
the regular production line» Twelve tires were rejected for various 
defects, such as blow holes, mashed beads, inaccurate construction, etc», 
but in only a few oases were the defects attributable to improper flow^ 
the stock being somewhat too soft to drive out trapped air in these 
instances» 

The finished tires occasioned much favorable comment by the technical 
staff and the plant workmen of the U» S» Rubber Company who carried on or 
observed the work. They had a livelier and "snappier" feel, and far 
greater pliability than casings made of reclaimed hevea rubber currently 
being manufactured.  It was noted that while the treads of flash could 
easily be pulled off the reclaim tires, the flash threads of the golden- 
rod tires had a far higher tensile strength, sufficient to support more 
than the weight of the casing on a single thread. Comments quoted 
from the report of the Development Department, Indianapolis Plant, U. S» 
Rubber Company are;  "The results, considering that it ?;as the initial 
attempt at factory-scale processing, were considered good» 

Disadvantages 5  1« Special precaution needed to process» 
2. Becomes too soft and sticlywith pro- 

longed working» 
3. Could n(^ be extruded^ 
4. Non-uniformity of pre-cured batches» 

Advantages:    1» Excellent tack» 
2. Good molding properties» 
3. Good tensile and elongationf 
4» Fast curing - still safe processings 
5» Takes compound readily» 

over 
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As the work ivas not exhaustive, it is probable that some of the dis- 
advantages could be overcome either by compounding or in process of 
manufacture of rubber." In view of the impossibility of extruding or 
"tubing" of the tread and s-idewall cover, no attempt could be made to 
produce inner tubes for these tires of göldenrod' rubber. ' 

A mileage test on three of the tires was subsequently made employing 
the test wheel at the Indianapolis Plant. Table XIII gives the results 
of this test as reported by the Company,  The relatively high tensile 
strength, low hysteresis, and good flex resistance, and excellent bond-* 
ing of fabric of the goldenrod rubber are reflected in the mileage 
indicated, which is not only three times that of the all-reclaim casings 
being produced xmder war conditions, but is nearly double that of 
pre-war crude rubber casings* 



\-TABLE XIII 

WHEEL TEST OF GQLDIIIROD BICYCLE TIRE C/vSINGS 

Tread Special Avg, 
Tire    Brand Size Stock    Fabric Beads    Features Mileage Mileage Failure 
#1      #500 chain    26x2.125    65109    1433-28f265109    25C14    Blistered tread 1577 Fabric broken at 

& high bead flexing line 
#2 "       " " " " " Ifeshed bead 1447 
#3 "       " " " " " Mashed bead 1062 

 TSS5" 

n   ti   tr   if 

n u II   11 

Note* No indication of failure at any of the tire defects; i«e^ blistered tread, high and laashed beads* 

Conclusion:  This test shows "goldenrod" rubber tires to be better than "Reclaim*' or ^Pre-war crude rubber!?'' 
construction of the same line class•  (Based on mileage.) 

Reclaim   - approx« 450 miles 
Pre-war   -  *^    700 " 
Goldenrod -  "   1362 « 



VI ^DRYING OF GOLPfflmOD FOR RUBBER EXTRACTION 

Drying of the leaf or leaf-containing plant n^terial is essential for 
storage and grinding, and is a major step in the processing of goldenrod 
for rubber. Besides the cost of the operation, factors to consider were 
the suitability of different types of drying for handling material of this 
nature^ and the effect of teraperature upon the quality of the rubber subse- 
quently extracted. All informtion initially available lYom limited past 
experience seemed to indicate the necessity for low temperatures not ex- 
ceeding 145^ F., with consequently long drj^ing time cycles.  This would 
practically preclude the use of continuous type driers, and would require a 
relatively costly operation, both as to fuel and labor requirements.  Ex- 
periments were conducted with available pilot plant driers of both the tray 
type for batch drying and the rotary continuous type. Limitations of con- 
struction imterials and time dictated the adoption of a kiln tjApö tray drier 
for handling the crop produced in 1943. Employing trucks carrying stacks of 
trays, this kiln drier could be operated economically and >vas o.f inexpensive 
construction.  Its design, developed by the Forest Products Laboratory, was 
partly based on preliminary experiments on drying temperatures and rates 
reported in this section« 

Batch Tray Drier Experiments. Drying tests were carried out on 10 pound 
lots of fresh goldenrod leaves "harvested and shipped by express at one day 
intervals, in every case on the day received.  In most oases r?iaterlal 
arrived in 48 hours, but some batches were delayed in transit and were re- 
ceived 72 hours after shipment. These leaves were in good condition after 
72 hours, but a single lot vjhich Vîè.S  delayed for 96 hours was spoiled by 
heating and fermentation, and the leaves were badly discolored. This lot 
of fermented leaves was run through a test, nevertheless, but a duplicate 
run at the same temperature was later run on an unspoiled lot. 

Twelve- samples were dried, tv/o being reruns because of the spoiled leaves 
in one case, and because of failure of the drier control in another case« 
Temperatures employed were, approximately;  110^; 125°; 145^5 165®; 185° F^ 
Control of most terrçeratures was held to plus or minus 2° F. except at the 
lowest temperature which was held to plus or minus 5° F. One satisfactory 
test at each temperature was made with gas heating, and one at each tempera- 
ture with steam, as a check. There should be no  difference-due to-the 
source of heat, as the arrangement for gas heating introduces only traces of" 
combustion products and does not measurably reduce the oxygen concentrö.tion, 
even though products of combustion enter the drier. 

The drier,, used' -vvas a 20 tray mechanical convection tj'-pe, with a total 
tray area of 166 square feet. The 10 pound lots of leaves placed only a . 
very light load on the ca.pacitjr of the drier, which is designed to evapo^ 
rate 200 pounds* of v/ater per hour.  Four 30" x 40" trays only, or 20^ of the 
tray area, were required to spread the leaves evenly at an average depth of 
1-1/4". ...This, is approximately 2.9 pounds per cubic foot of leaves spread 
for drying. Moderate cross circulation of air v/as used, with a minimum of 
venting and fresh air intake» A positive exhaust is maintained at all times 
on this drier by a small auxiliary fan» if 

'over ¡ 
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The quart sample sealed at time of shipment "was analyzed-for moistiire 
ohly.  In nearly every case the moisture as shipped vvas 1 to Z%  less than 
in the material as received, ]>ecause of precautions taken to add and main- 
tain moisture in packing. Moisture was determined on a sample obtained by 
quartering immediately on opening the package, and moisture in the dried 
material was determined on a sample uniformly taken from the four trays 
while still at the drj^ing temperature at the ^nà.  of the run, and sealed at 
that time.  The trays wei'e separately removed at one hour intervals and 
rapidly weighed, to determine rate of drying, and complete drying was 
assumed when the loss in weight per tray was less than .03 pounds on approxi- 
mately 2.5 pounds of fresh leaves, or a little over \%. 

Drying rates of the tWo sets of determinations are shown bj/ the curves 
of Figures I'and 2, At the lowest temperature approximately 110 plus or 
minus 5 , F.,. initial humidity on charging the drier rose to approximately 
50;^, and decreased to approxiraately 40;^Q when drying .^vas complete, the 
material being dried to about 6^o moisture content.- At the highest tempera- 
ture, approximately 185° plus or minus 2° F«, initial humidity ivas 18>o, and 
final humidity 12;o, with the material at 2/Í average moisture content. At 
145° plus or minus 2° F. initial humidity was 24/o and final humidity 18^, 
with the material in this case at about 1%  final moisture content.  Humidi- 
ties, were not significantly different with gas or steam heating. 

Each lot was analyzed as received for both rubber and resin (acetone 
soluble) content.  The dried lots were analyzed for both rubber and resin 
to determine any change in these'quantities, calculated on a moisture-free 
basis.  In addition 100 g. of each lot was ground and subjected to acetone 
and benzol extraction to establish the probable yield of rubber and resin 
by the extraction process. 

The bulk of each dried lot was processed by cooking vdth alkali and 
acid, followed by acetone and benzol extraction,-to check the j/'ields by 
this procedure. Details of this alkali-acid cooking are given in Section 
VIII. From the larger amount of rubber obtained in these treatments of 
the bulk of each lot, a vulcanízate was made, to indicate the quality of 
the rubber as affected by temperature of drying. Results are collected in 
Table I, showing drying conditions, rubber analyses before and after dry- 
ing, and tensile tests on vulcanizates. 

Conclusions» Within the limits of accuracy of the extraction method 
of analysis, there is no loss of extractable rubber at any temperature 
tested. Occasional determinations show an apparent increase in percent 
rubber after drying, balancing the slight decreases, and all within the 
probable error of the method*  The yields from the 100 g. lots check the 
analyses, and show uniformly high results equalling the available percent 
rubber before drying.  The material in all these lots contained approxi- 
mately 1%  rubber on a- moisture-free basis.  Yields of rubber by the cooking 
procedure are higher than by direct extraction, reaching 7.6 to 7«8/o« 

No facilities were available at the time these experiments were made 
for uniform curing and quantitative tests of rubber quaîity. The-product 
from material dried at 145° F. appeared to be as good as that Trom batches 
dried at lower temperatures. Vulcanizates of material dried at 165° F» 
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and 186^ F* showed some tendency to bloom and appeared to be slightly 
inferior to those dried* át'lower 't^iiperat^ras-, but %^ßt$  of tensile strength 
showed no decrease in this piioper.ty. ^ At the time these experimenta were 
completed the importance of acetone solub'le resin' content* in affecting vul-^ 
canization, and ; the solution.,compounding method had not been worked out, 
nor had the best compounding formula been developed; " No Scott tester^ nor 
even a substitute machine fear uniform rate of elongation of test, specimens 
was available, ä)id the tensile values are at-^est estimates obtained by a 
crude arrangement of loading'the'samfile by sand weight ar^d reading the 
tension applied;.on a spring balance« Only 60 min. cures of the vulcaniz«^ 
ates at 260^ were made in each* case^ as the amount..of material was 
limited. 'Under these circumstances it is obvious that the tensile strength 
values have little quantitative significance, but it is interesting that 
even these crude procedures yielded Tairiy high results pn samples of 
rubber from leaves dried at temperatures up to 165^ ?•    The decrease in 
each series, when drying temperature was,..increased to 185 F# is not very 
significant, in view of the extraordinarily low results obtained on 
material exposed to the lowest temperatures. No explanation can be offered 
for this unexpected anomaly', other ihan the extreme crudity of the only 
test procedures ava^ilable at the time. 

The drying curves show that drying at 145^ F. required about 2 to 2«l/2 
hours to reach 10^.residual moisture. Increasing the temperature to 185^F» 
only reduced the time by about one hour. This decrease in drj^'ing time 
does not justify the risk of damage to the rubber obtained and it was. 
therefore recommended that drying be done at air temperatures not exceed- 
ing 145^ F* All drying was done in a substantially light-proof drier and 
this precaution was also recommended. 

At a later date, when the decision had been reached to use through 
circulation instead of cross circulation in the large kiln to be built 
at Waynesboro with tray loading up to 4** deep, two experiments were 
carried out under these conditions. The same drier was used with baffles 
to provide the through circulation of steam heated air, through two trays 
only. Wild goldenrod harvested near the laboratory was stripped by hand, 
and 17.28 pounds of leaves used in each test, equally divided between the 
two trays. The effectiveness of this system of drying is evident from 
the .rate of drying curves at 145^ F. and 165^ F. shown in Figure 3, drying 
to 10^ being accomplished in 63 minutes and 38 minutes, respectively. 
Had all 20 trays been loaded,the charge would have been about 175 pounds; 
with through circulation passing single layers of trays, only the capacity 
of the small pilot drier, allowing time for loading and unloading, could 
have been maintained at approximately 200^ pounds per hour operating at 
165^ F. 

over 



VI-TABLE I 
TRAY DRYING OF 10 POUND BATCHES OF GOLDENROD 

•' 
1 

• 

MOI STUIíE PüK CENT 
:     Hwat 
:   Source 

DRYING 
ddity 
.Final 

R U B B ER    PER    GEN T- Batch 
No. 

:     As 
:Ship'd. 

:    AS 

:  Roc'd. 
:  Arter 
:. Drying 

:       Temp. :   Hum 
!lnit 

:Time to 
:10^^ Hrs. 

:                (Moistxjre-froe  Basis) 
: As Kec'd.;       Dried     :Yiold 

Ten.Str* 

8 :   62.4 :   59,8 :     5.7 :   Steam 
:     102-6 
:   (100-118)* :   51 :   38 

: 
:     4.90 

• 

7.1 : 3.3(1) 
î(lOOs) 
s     7.0 :       1260 

1 :   65.9 :   65.3 :     2.6 ,        ti :     124-9 :   - :   - 
Î 

:     3.00 
s 
Í       7.5 :     8.1 

! 
:     7,3 î         287 

2 :   62.8 :   64.8  . :.■    0.9 . :  ; ". t . 140-4 :   33 :   25 :     2.00    s       6.9 :     6.9 
t 
i     6.7 

: 
:         913 

4 :   60.3 :   63.7 :     1.1     • 1          " :     164-6 :   19 :   15 :     1.43     't       5.2(^)   i î     5.9(1) 
! 
!     7,0 

• 

:       1175 

12 s   62.7 :   64.0 !     7.6 .         n !     163-6   '. !       - 
: s                      1 

5     1.75   .i 
!                                ! 
!       6.7         î 

i 

6.6           î 7.4 :       1060 

5 !   59.6 !   62.2 ,     1.3     : If 182.-6 :   17 :   11 
!                          i 

î     1.25    ! 
: 

6.9         : 
! 

6.5^ ■        : 7.0  i 947 
6         ; .   64.4     i 65.8     : 6.0     : Gas       Î 108-18         ! .49 :   42     i 

:                   î 

!    4.35    : 6.3         i 
s 

6.8     .     j 
! 

6.4  . 37« 
9       : 62.5     : 64.2     : 4.1     : ÎÎ 124-6           ! 30  : '   24.    ', 3.20     i 6.9         s' 7.8           î 7,9 s 1050 

10       : 
%    5 

60.2     : 63.2     : 7.5     : f» 
144-6            :* 24  : 

t 
18     s 2.80    s 7.2         : 7.9           i 7,3  : 1350 

11       : 63.9     : 64.8     : 1.6     : Tf 163-5            : 20  ! 14 ; 
s                       : 

1.42     î       7.1         î 6.7           i 
; 

7.8   : 1270 
7       : 62.0     : 65.3     : 2.6     : ft 183-5            : 19  i 

: 
14     ; 1.40    s       5,5(^)   't 7.2           j     7.9  , 858 

* Extreme temperatures reached for s lort intervals. 
(1) Results doubtful because of larg3 possible error in 5 g. sample used. 
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Continuous Rotary Drier Experiments« Prelininarj^ experinonts on con-* 
tinuous drying of leaves in a rotary tjz-pe drier were carried out in équipe- 
ment available at the Southern Regional Research Laboratory; The ; 
primary purpose of the tests was to ascertain the suitability oí a drier 
of this tinpe  for handling fresh leaves, and its capacity.. It i/vas realized 
that higher drying temperatures would be required to dry the material to 
the requisite 10/^ moisture content in a continuous drier. The time of 
exposure of the leaves to the drying temperatures would necessarily be 
short for two reasons - to minimize the possible effect of high tempera- 
tures on the quality of the rubber, and to reach as high a capacity as 
possible through the drier^ 

The equipment used was a stainless steel pilot plant rotary drier with 
2« X 12< shell, equipped with flights. Shell speed was variable from 0 
to over 20 r.p.m., as was the pitch from a negative incline of 0.16" per 
foot to as much as 0.5" per foot positive incline. Heat was supplied by. 
direct combustion gases from a gas furnace I'dth rated capacity of approxi- 
mately 200,000 B.t.u. per hour. Although arranged for "intermediate feed" 
and counter-current operation, these methods were not expected to be 
applicable to light, bulky material such as fresh goldenrod leaves. A 
short trial demonstrated the correctness of the expectations; the leaves 
matted and choked the rotary air lock of the intermediate feed cyclone, 
and were too light to be carried by the flights against the high gas 
velocity in counter-current drj'^ing. The leaves also choked and would not 
pass through the mechanical screw feeder. After trying out these features 
with locally harvested wild goldenrod leaves, the experiments were made 
employing direct hand feeding of material to the shell with concurrent 
heating gas flow. 

The drier was equipped with automatic controls to maintain gas inlet 
and outlet temperatures, but as it ^vas not insulated at the time these 
experiments were performed little importance can be attached to the figures 
on gas consumption, although they v/ere recorded. The essential data of 
seven test runs made v/ith approximately constant conditions during each run 
are given in Table II. These tests were  sufficient to establish the capa- 
city of the rotary tjrpe drier for handling goldenrod leaves. Practically 
complete drying could be attained only by rerunning the leaves in a sepa- 
rate second pass, in runs 2 and 7, and over all feed capacities in these 
runs in conjunction with runs 1 and 6 for predrying v/ere only 15 pounds 
per hour and 10 pounds per ho\;ir, respectively.  Only the conditions of 
run 4, with inlet gas at 368^ F. and outlet gas at 219^ F., resulted in 
drying on a single pass to a suitably low moisture content, 10.9^ (dry 
basis).  The wet feed capacity was 30 pounds per hour with average reten-- 
tion time of material in the drier 15 minutes. The tray drier of same 
rated heat capacity used in the experiments described in the previous sec- 
tion has 20 trays. As cross circulation was used in the tray drier, load- 
ing all 20 trays would have had little effect on the drying time, as 
compared to only 4 loaded trays used in the tests. At only 165^ F. air 
temperature, its minimum capacity would be 50 poimds per hour; if the trays 
were loaded to a depth of 2-l/2", instead of only l-l/4" as used in the 
temperature experiments, it could handle 100 pounds per hour employing 
temperatures not over 200^ F. Using 4" tray loading and through circulation, 

over 
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tray drie.r capacity as shown in Pig. 3, would approach 200 pounds per hour, 
with air temperature of only 165 F., nearly seven times the capacity of 
the ¡rotary drier operating at 220*^ F« outlet teraperat\ire. 

Determinations of resins and rubber were made on a number of the samples, 
as well as o|i control samples dried at 145^ F., mth the results shown in 
Table II. ?/hile there is considerable variation in the results due to the 
difficulty of sampling material from such a series of tests, there is no 
indicatiori, of anjr loss of rubber due to drying at the temperatures employed. 
The amount of rubber is the percentage of benzol soluble material extract- 
able after thorough acetone extraction.  The amount of uniform test material 
obtained in each case was not sufficient to permit extraction of enough 
rubber for x^ulcanizatipn and testing*  Even if the quality of the rubber 
were not impaired by exposure of the leaves to high drying temperatures, the 
requirements of steel and structural materials, and of motor drives and 
power, under wxr  conditions ruled out the rotarjr tjrpe drier unless a much 
greater capacity than tray drying could be attained. At the capacity indi- 
cated by  these tests, construction of a rotary drier or driers large enough 
to handle the crop planted at Wajmesboro, Georgia, \\/as out of the question» 
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VI-TABLE II 
ROTARY DRIER TESTS ON (ÎOLDEÎiROD LEAVES 

Run Ko.                                            : "1         ■ :            2 :            3 :           4 :            5 !              6 !                  7 

Feed rate #/hr.                    -   ! •    30. :     30. 1     18. 
! 
!     30. :     60. s     15. !     30. 

.   Moisture in feçd %            \ •     61.8 :     36.7 !     63.0 !     57.4 !     57.4 :     57.4 i     20.3 
"          "    dischg. iJ :     34.2 :      '1.9 :     16.3 !     10.9 Í     20,7 :     13.7 !          1.0 

Feed-solids #/hr.                    ! 1     11.44       : :     18.96 :       6,66 :     12.78 :     25.60 í       6,39 1     23.90 
Discharge-solids ip/hr» !     11.48 - :     19.50 :       3,82 !     12.87 !     24.90 !       6.55 ;     20,91 
■^Tater pjvaporated if/hri         ; .     12.54 :     10.12 :       9.85 !     15.55 !     28.61 !       7,41 !       8.87 
Gas  consunption c.f./hr.     ¡ .128.    . !   108. :   1)6, !   175. .         -* t   102. !   107, 

Inlet gas temp,  ° F.         : .   244. !   310. í   320.            ! :   368. !   375. í   307. !   303, 
Outlet  gas  temp.  °F. ■   172.        .   ! :   180. :  181.           ! ,   219. Í   211, !   179,           , !   184. 

"        iTOt bulb °F.            ! 99. !    108.                 ! •   104.            î ,   115. !   117. î   102. ¡   102, 
.     "    .    i*el.  hum. %             ! :       9.5 !     12.0 ;       9.0 :       6.0 !       8.0 !       9.0         i !       8.0 

Holding time, avgi min.       ; 44.7         ! i     29."^         i :       9.T         i ,     15 .ÏÏ         ! !     18 .ÏÏ .     17.6         i !       .9.T 
Shell-speed, r.p.pi.               ; 0.6         ! :       3.0         ; .    3.0     ■   , 3.0         . i       3.0         ! 3.0         i 3.0 

"      pitch,  in./ft.    '         ! *0.191     i !     -0.147 
Run 1       i 

:     -0.147     ! ,     -0.147    Í !     -0.147     . 
¡     »Over       1 

!     -0.147    i 
!                                  ! 

,     -0,147 
,    Run 5 

,  redried    ¡ î 

! 
!       200        i 

! 
redried 

>1 M.   F.   B.   :G o n t.r o 1 s: 

Resins 
Rubber 

;11.6 
;' 5.0 

.18.4 
,3.6 

' \                      : 

16.5 :     14.4 » 15.1         '. i     20,3         i ^^ 

4.0 ■ ;       5.6 • 

■ 

4,6 !       5.8         i 
!                                ! 

*             ""                ! « 
15,3 
4,9 

t 
13 
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High Temperature Flash Drying Experiments ♦ The purpose of these ex-* 
périments was to study flash drying of goldenrod leaves over a wide range 
of high temperatures, and to'ascertain by analytical and physical labora- 
tory evaluation tests the effect of different drying temperatures up to 
1000° F. upon .the quantity and^ the qualitjr of the rubber.  Only moderate- 
ly high temperatui'es were used in the tests with the rotary drier at the 
Southern Regional Research Laboratory, and the object of these further 
tests with a continuous rotary drier-was-to determine the possibility of 
using even higher temperatures if the time of exposure of the material 
was very short« 

Approximately 500 pounds of goldenrod leaf material of variety 3-S-79 
vms harvested at Waynesboro, Georgia, on the.morning of September 28,1943, 
Immediately after harvesting the plants were stripped on the small model 
leaf stripper.  Four hundred pounds were packed in cartons with dry ice 
refrigeration and hauled by truck to Atlanta, Georgia, for shipment by air«- 
plane on the same evening to the Louisville Drying Machinery Company plant 
at Louisville, Kentucky^ where the pilot plant test drying runs were con- 
ducted. One* hundred poimds was similarly packed with dry ice and held at 
Waynesboro as a control. After 24 hours these cartons were opened and the 
leaves dried at 145° - 165° F. in trajr driers. All of the drier runs were 
completed with as little delaj/ as possible in order that the time- 
degradation factor for the undried material would be reduced to a minimum. 

The shipment of leaves was inspected promptly on delivery at Louisville 
and some portions were found to be considerably damaged due to insuffi- 
cient refrigeration ;0ver the period of transit. The same condition was 
founid for the control sample at Wajmesboro. Each of the 32 cartons 
(total weight 430 pounds) contained a -warm (125° F.) damaged zone of 
blackened leaves at the approximate center of the loosened packed mass» 
All damaged leaves, amounting to approximately 120 pounds, had to be care- 
fully removed and discarded before spreading out the .material for aeration 
and cooling.  The undamaged leaves v/ere scattered in a thin layer over a 
concrete floor and a ceiling fan turned on for a few minutes until cool. 
The leaves wçre then shoveled into .large open-weave oat sacks and hauled 
to a nearby cold storage v/arehouse and stored at 36° F. for withdrawal 
when and as needed. 

The material doubtless degraded progressively to some extent during 
shippings storage, handling, etc. between harvesting and the time of com- 
pletion of the last drier run, and allowance for this had to be made in 
évaluation of the results as it y/as not possible to process the entire 
lot within a.shorter period.  The refrigerated leaves appeared fresh and 
green up to and including the last day of storage, and showed little or 
no deteri,pr:ation .with the exception of some heat damage to two of the last 
sacks, resulting from slight v/etting while in the warehouse, and some 
black leaves had to be removed.  The undamaged material was used as a 
feed for drier runs 8 and 10 as stated in the data sheets.  The dried pro- 
duct amounting to 10-15 pounds from each of the drier runs ivas packed 
separately and shipped to the Southern Regional Research Laboratory for 
laboratory comparison with the control. 

Several types of small size rotary driers were made available at the 
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pilot plant of the Louisville Drying Machinery Company for this experi- 
mental work, but only one was recommended a$ being by vfar the most 
practical and economical rotary type machine for use with goldenrod# 
This recommendation ivas made after discussing the "matter at great length 
with the Company's drying engineers and others who had extensive ex- 
perience in experimental as well as successful commercial drjring of a 
wide variety of materials using roteiry type machines of the Company*s 
manufacture. 

The particular drier recommended waâ the direct heat, gas fired, 
parallel current (or concurrent) type and all of the goldenrod runs were 
made using this 1* diameter by 6» long, variable pitch, variable speed 
pilot unit.  It was stated emphatically that results obtained on all of 
these experimental size driers were closely translatable to factory si&e 
'equipment and that several installations had been made recently in uni- 
versity engineering laboratories. 

After carefully inspecting and servicing all rotating parts of the 
drier, calibrating thermometers, etc., several short preliminary tost 
runs vfere made using the discarded material for determining and coordi- 
nating feed rates, shell speeds, shell pitch, capacities, processibility, 
and general behavior and appearance of the material at the various drying 
temperatures contemplated along vâth other information v/hich would be use- 
ful in conducting the experimental tests» 

It was necessary at the outset to install a separate centrifugal type 
premix gas burner on the drier in place of the existing one, in order to 
reach the higher températures required for the runs«  This done, the 
/Shell speed and pitch of the drier were-adjusted so as to allow the dry- 
ing material to remain in the shell not over 3-4 minutes.  The feed rate 
^^s regulated at each temperature for discharging dried miiterial at 
approximately 5-10^ moisture content and particular care was taken not 
to overdrjr the rraterial during any run, and v^enever possible to keep 
the moisture content just under lOj^o. 

Preliminary testing onüie first day indicated that the msiterial as 
received contained a considerable proportion of stems 4" to 10" in 
length which had to be sorted out and chopped into smaller pieces (1-2") 
as these had a tendency to stick between and under the shell flights and 
thus prevent satisfactory showering of the material.  In addition, the 
larger stems balled up^ bird-nest like in the shell and hindered the 
flow of material and gases # 

The undamaged material (300 pounds) ivas sufficient for conducting 
seven separate drying experiments, each at a different temperature for 
obtaining a suitable quantity (10-15 pounds bone dry basis) of product 
of each run for making the necessary tests at the Southern Regional Re- 
search Laboratory. Approximately 40 pounds of the leaf material were 
dried at each of the following furnace gas inlet temperatures:  350, 
500, 600, 700, 800, 900, and 1000° F. The low temperature run v/as made 
first for the purpose of establishing as nearly as possible a basis or 
reference for comparing the content and quality of the ñabber contained 

over 



VI-TABLE III 
PILOT PLANT FLASH DRY ÙÎG OF GOLDENROD 

Av,Temp. Av.Terap. Av.Terap. Total Total Wt. Feed Moist. Moist. Speed Pitch 
°F.Inlet °F.Drier °F.Dis- wt.(#) (#)  of Rate Cent. Cont.of of of 
Furnace Exhaust charged of Dischgd, #/Hr. of Dischgd. Shell Shell 

Run # : Date :   & Gases :     Gases :   Material :   Feed :  Material  t I   Feed     j Ifeterial ¡r.p.m . : I-£|chae 
1943 • 

1*     : 9/29 :  4-600 :                : s   3-10 tO-ta -I 
2       : 9/30 :       345 :       180 t  22.5 ;>16-1/4     ' 8 !     66.0 : 13.4 I       7 ,íNeg.3/4- 
3**   : 10/1 :       350 Í       182 !     7.8 8 Î     56.8  : 6.0 !        7 s   "    1 

2,3**   : 10/1 !       550 :       184 !   10.5 :                  '    J 8     . !     56.8  J 6.0 !          7: í  "    1 
4 
5 

10/1  . 
10/2   • 

!          600          ! 
600       ! 

255 
258       ! 

!       135 !   27.5, 
:  15.0    ! 'I22-1A    ; 28     i 

28     i 
1     56»4  : 
,     54.6  s 

5,3 
4.5       i 

!         7 
!        7 

;  "    1 
J         0 

6       s 10/2   ! 500 I       235 120 !  40.5     • !    10-3/4           i 18       ! 54.8  Í 8.9       ! 7 0 
"7***. 10/4   ■ 700       ! 275       ! 135 :  41.5     ! 17-1/2   .j 28     ) 58.6  : 8.4       i 7 J         0 
8B     : 10/4   ; 800       : 290       ! 138       i .   39.0     i 17-3/4    s 30    5 56.0  s 4.2       , 7 !          0 
9       : 10/4   : 900       : 280       ! 142       i .  40.5     ! 20.0      1 32     1 54.0  î 8.2       s 7 :         0 

IODC     : 10/5    ! 1000       : .   275       : 160       ! .   39.0     Î 18.5           J 34     J 56.4  J 6.3      : 7 :         0 

< 
I 

»Preliminary determination of approximate operating conditions for main drier runs to follow. 
♦»►Ifest of drier discharge ran 14-18JÍ moisture at this feed rate and was redried at, 250^ F. (high feed 

rate used) to reduce moisture content to imder lO^o* 
***|ilaterial discharging seemed Yiet  and approximateIjr one-half of this was redried at 250^ F#, 
»Feed for rims 8 and 10 i^vas slightly heat daimged in one spot due to wotting and Y/as re-sorted 

to remove black leaves, ' " 

Notes - Drier used for all runs was direct, gas-firsd, concurrent, cylindrical shell, 
1^ diameter x 6^ long. 

Moisture tests^ determined overnight in oven at 220^ F» 
Temperatures shown- have been corrected. 
Material discharging from drier was spread )ut to cool as discharged* 
.Dried material from each run v/as collected md packed separately for shipment to Hew Orleans. 
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in the material at this stage of the run with that at the high tempet^a** 
tures and witái that in the leaves which were to be cl3:*ied at 145^-165^ Ft 
as a control. Complete data including feed rates, temperatures, etc. - 
were recorded and are given in Table HI. The same fan speed or approxi- 
mately the same volume of air par ráinute was employed for all runs. The 
warm discharging material in all cases was cooled as it discharged by 
spreading out thinly over the floor in order to reduce further degrada- 
tion;  Incidentally, it was observed that the leaves showed a reduction 
in moisture content due to handlings etc. from 65^^ as received to approxi- 
mately 57^ average as fed into the drier. 

Because of the importance of i:^eduoing the time-^degradation effect on 
the rubber contained, all of the drier tests were run with as little delay 
as possible. Runs were made in order of .ascending temperature with the 
exception of the one at 500^ F. At this point trouble v/as encoimtered 
with the air adjustment of the furnace blower and the 600^ run was made 
while the blower was being repaired. 

It may be noted that in two of the runs^ Nos. 3 and 7^ repassing of 
the drier discharge was necessary due to the feed rate being too high. 
Redrying, in this instance, was at a lov/ temperature (250^ F.) with the 
feed rate doubled. Only half of the No* 7 run had to be redried to give 
an average moisture content below IO7Í. The relatively high temperatxire 
of the exhaust gases was obviously due in part to the short shell length 
of this small machine and to imperfect sho\vering off the flights. 

After the principal runs v/ere completed, some of the leftover*, damaged- " 
leaves\(*57^ moisture) were passed through a small hammer mill with I/2" 
screen openings to observe the effect of size reduction. The material did 
not gum up in the mill, and did not mill into a soupy consistency as was 
expected.,. However, it was slightly sticky and the general pred-iction vms- 
that the latter condition would cause objectionable sticking of the feed 
to the drier shell, but 15-20 pounds were dried and no diffiqultjr v/as en- 
countered. The comminuted material handled well and also showered v/ell 
off the flights and lowered exhaust gas temperature'considerably, as shown 
in data for run No*. 11, A sample of this dried material -vvas. taken but 
no regular run was made as the supply of fresh leaves was exhausted. 
Some of the fresh green leaves v/ere passed through the hammer mill, on the 
first day., and as this 66%  moisture material showed excessive stickiness 
we advised at the time against trying it in the drier. 

In discussing the drying of different material ti^pes  in various type 
driers, it was brought out that the rotary type drier is usually con- 
sidered not the best ansv/er to drying leafy material, -and this includes 
rotary units such as the steam-tube type, with or without mechanical 
draft; L-type (see oporating principle described in their catalog); in- 
direct fuel-fired, concurrent or countercurrent, and also the counter- 
current direct heat types. The direct heat, fuel^-fired, parallel current 
rotary drier was recommended as the most practical and economical rotary 
type machine for goldenrod. Use of the latter type is indicated whenever 
the material is not injured by high temperature ^en wot and where it is 
not required that the final moisture content be very lov/, ^ It i^vas pointed 

over 
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out that the gases in a parallel current direct heat drier rise in hu- 
midity and decrease in temperature, while the material reacts in exactly 
the opposite manner and because of this it is necessary to have a longer 
shell in order to get evaporative results comparable to that obtained in 
a countercurrent drier» 

Among the many advantages claimed for the parallel current direct heat 
drier is the rapid reduction in gas temperature at the inlet end  v/hich re- 
sults directly in a reduction of radiation losses in the shell and for 
this reason among others, this type can, if operated properly, be fairly 
efficient in fuel consumption» Also, this type of machine is considered 
better for handling air-sensitive material.  It is obvious that this type 
drier must be so designed and operated as to avoid possibility of the dry 
material reabsorbing moisture from the cooled humid' exhaust gases at the 
discharge end. The main shortcoming of the concurrent tj'-pe lies in the 
tendency of material to case-harden and in the fact that dry, dusty 
material cannot be handled satisfactorily. The thermal efficiency of 
driers used under conditions which permit the employment of high tempera- 
ture gases is usually higher than for lower temperatures.  The drying time 
is shorter, the capacity greater, and if the drier is designed and operat- 
ed properly, the temperature of the exhaust gases v/ill be lower and there 
will also be less total heat lost in the exhaust gases per pound of 
material dried because of the shorter drying time* 

Due to the small surface area exposed by leafy material per unit ^-^eight, 
the rate of drying is relatively low, and a correctly designed rotary type 
unit would require a fairly long shell of suitably large diameter and would 
have to operate with a high differential temperature betv/een the hot gases 
and the drying material.  It is obvious that leafy m^iterial should always 
be size-reduced, if possible, and that flights perpendicular to the cir- 
cumference of the shell would be desirable for obtaining maximum material 
showering and minimum fouling of the flights. 

The control and each of the seven batches of dried leaves was grouind 
at the Southern Regional Research Laboratory tlirough a l/o2" screen using 
a Ball and Jewell mill.  Extractions of 1 kg. batches of the control 
sample and of each of the seven test lots of leaves dried at 350^ F., 
500^ F., 600^ F., 700^ F., 800^ F., 900^ F., and 1000° F. v/ere conducted 
by extracting for 32 hoijirs with acetone to remove the resins, followed 
by 32 hours extraction vfith benzol to obtain the rubber.  It will be 
noted that the resin content of the benzol extracts from the high tempera- 
ture batches is considerably higher than that obtained for the control 
sample (see Tables IV and V). The standard solution method was used to 
precompound all benzol extracts, including the control, in glass still 
pots« 

Additional chemicals were milled into the dried precured samples. The 
rubber from the flash dried leaves was too dry for satisfactory milling 
and the vulcanizates gave lov/ tensile strength values much belov/ the 
control (see Table; VI).      . Attempts were m^xde to evaluate the 
tensile strength of the vulcanizates after 0.5 parts of D.P.G. "was milled 
into the gum stocks before vulcanization.  In most cases milling T/as ex- 
tremely difficult due to dry and crumbly samples which %ould not follow 



VI-TABLS IV 
.FLASH DRIED GOLDBNROD 

LABORATORY  EXT R. ACTION     ANALYTICAL  RESULTS" 
Acetone Extract    BenzoJ E?ctract Benzol  Extract      Raw  ]fe.terial 

Sample; 
Dried ; 
At  : 

. Resins: 
Avg. :; 
Res ins : ! 

%       1'. 

Crude: 
Rubber: Crude ; 

Rubber %: 

Rubber  î, 
Resin-free:■ 

/o 

;   Resins ! 
!     /o   ; 

Titra.i 
Value ; 

Vis- ::Hoisture; 
cosity::  %         : 

Rubber 
.Resin-free: 

/o 

Con- i 
trol .; 
145° F' 

! 14.7  : 
I   17,9  ! 

16.3 =■ 
: 

;  4.49 : 
!  4.68 : 

4*58 ' 4,20 '   8.2 ' 4.65 • 0.675*1  6.17  ; 4.27  ; 

350° F: 12,6  ! 12.6 t! :  5.51 : 5.51  ! 4.47  Î! !  18.7 ■  ! •  4.50 i 
!     : 
. ü.678í 

:       : 
•:  6.75  ! í      4.46 ■': 

500° F; 
16,0 ! 

. 13.8  ! ; 14.9 '.'] 
!  5.02 ! 
!  4,73 ; 4.87  ; [      4.32  '.' !  11.5   , [  4.60 ; , 0.678! î  6.71  ; 

í 
;   4.05   : 

600° Fi 
13.7  ; 

■ 14.2  i .   13.9 : 
!  4.96 ; 
!  4.73 ! .  4.84  ■ 4.03  :î !  16.8 ;  4.45 • : 0.676: :  6.18  ■ :  3.93  : 

700° F 
, 15.2  ! 
! 13.8 : 14.5 :• 

Í  5.12 : 
: 4.93 • .  5.02 :  4.23 !  15.5 ¡  4.50 ; 0.674: ,:  6.26  ! 

;         : 
i   3.86  : 

800*? F 
: 15,3 
! 11.9  • : 13.6 : 

:  5.17 
:  5.24 • ;  5,20  . i  4,40   : :  15.1 : 4.55 : 0.672 ií 6.31 ':       4.10  : 

900° F 
! 13.4 
! 13.4  . ! 13.4 : 

:  5.28 
:  5.55 t     5.41 :  4.61   : :  14.8 :  4.50 : 0.674 ::  6.43 :   3,99   : 

rooo° F 
:   13.6 
: 17.0 • : 15.3 ; 

:  5.27 
:  5.03 , :  5.15 :  4,18  : :  18.7 :  4.55 : 0.670 ::  6.29 Ï   4.12   : 

< 
I-I 
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VI-TABLE V 
COMPOUroiNG AND FORi-IUlA CALCUIJITED TO RESIN-FREE MSIS 

Sançile Flash Dried At 

<! 
M 
I 

600" F.: 700° F.: 800 F. 900" F. 1000" F, 

Rubber, Resin-free-parts 

Resins, incl. with 
rubber - parts 

Added in solution for 
precure: - parts 
Sulphur 

Thiotax 

Zino Stéarate 

Flectol H 

Added in Milling: 
Zinc Oxide (to entire stock) 

D.P.G. (to part of stock 
only) 

Control 

100,0 

8.9 

3.82 

1,09 

5.98 

1.09 

5.98 

0.54 

350° F. 

100.0 

23.0 

4.30 

1.23 

6.77 

1.23 

"  6,77 

0.61 

5000 p, 

100.0 

13.0 

3.96 

1,13 

6,23 

1.13 

6.23 

0»56 

100.0 

20.2 

4.20 

1.20 

6.62 

1.20 

6.62 

0 

100.0 

18.4 

4.14 

1.18 

6.50 

1,10 

6.50 

0 

100.0 

17.8 

4.12 

1.18 

•6.48 

1.18 

6.48 

0.59 

100,0 

17.4 

4.11 

1.17 

6.47 

1.17 

.6.47. 

0 

100.0 

23,0 

4.30 

1.23 

6,75 

1,23 

^6,76 
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VI-TABLE VI 
VULCANIZATION & TEÍISILE STRENGTH 

GU1Î STOCKS T/ITH PORIÎUIA GIVEN IN TABLE V 

Sample 
Dried © 
Control 

145° F. 

350° h 

500° F. 

Cure 
Minutes 
@ 260°F. 

20 
40 
60 
TT 
30 
45 
60 

ModÈilus 

300-;^ ; 500^ 

"IT 
30 
45 
60 

600° F. 

700° F. 

TT 
30 
45 

125 
155 
135 
~9r 
105 
155 
150 
12"S" 
165 
155 
195 

-ÏÏW 
235 
230 

390 
430 
330 
"293" 
345 
510 

liaxiraum : Ult.  : 
Ten.Str.:Elonga-: 
p.s.i« Î tion %t Remarks 

1230 
1300 
1010 

650 
650 
650 

: Pair but dry milling, 
: 

t 

455^ 
460 
430 
485 

~ÎBÏÏ" 
656 
510 
300 

-8ÏÏÏÏ- 
920 
905 

1095 

705 
795 

Is 
30 
45 

800° ?. t > 

30 
45 
60 

190 t  - 
190 : 605 
185 : - 
180 s 565 
160 : 550 
150 : 450 
185 Î 490 

705 
905 

600 
600 
500 
425 
"6ÜÖ" 
600 
600 
650 

Fair milling. 

225 
680 
520 

870 
870 
830 

Much too dry milling. 
Ifeterial vrould not 

 follow rolls. 
~3ÜÖ ; Extremely dry and ""^ 
500 ; crumbly. Material 
525 { vrould not follow rolls. 
350 : Extremely dry and 
525 : crumbly. Material 
450 t  would not follow rolls. 

Poor milling due to'/ 
shorter preouring. ■ 

15 :  105 : -  I 105 
900° F.  - 30 !  150 :  -  :  220 

! ' ,45 :  150 :  -  :  220 
! . 15 s  188 s 605  :  605 

1000° F. ! . 30 :  188 : 605  :  680 
'■ !  45 :  225 î 605  :  830 

"óüíi sTöoKä mm £>.p.G. =ü 
Control 

145°' F. 

35C)°' F. 

500°''FV 

800°.F. 

15 
30 
45 

30 
.45 

180 
230 
260 

I 520. 
:. 640 
,} ' 700 

1650 
1B90 

i 1690 
TïïT 
195 
195 

510 
630 

980 
855 

550 
600 
600 j 
600 }          
300 : Extremely dry and   ^ 
325 î crumbly. Ifeterial did 
350 : not follow rolls. 
5ÜÜ ; Extremely dry and 
525 : crumbly - shorter pre- 
550 » cure.        ' 

S 'í'ARtó ÁDÍIÉD ' 

625 
650 
650 

600 
600 

TT 
30 
45 
To- 
so. 
45 

235 
240 

: 690 
:. 665 
: 680 

î 1385 
: 1350 
: 1280 

7^190 
: 230 
:  190 

: 655 
t 730 
Í 615 

; 1115 
: U15 
: ,1115 

^25 
600 
600 

Pair but dry milling. 

Fair but dry milling. 

Very dry milling. 
Material would not 
follow foils. 

600 : Poor milling due to 
600 

■600 
shorter preouring« 

Noté:, Samples dried at 6pq°\  .700°, 900°, and lOGO^ F. milled toó poorly 
for addition of accelerator« 

over 



VI-p. 16 

the rolls or stick to them. 

The flash dried leaves v/ere extracted and the benzol extracts com- 
pounded, vulcanized, and tested before experimental data was obtained in-» 
dicating that acetone precipitation of the benzol extract -vvas necessary 
to remove the excess resins in the rubber in order to secure proper mill- 
ing and vulcanization.  The resin content of the benzol extract for the 
control sample i/vas 8 #2^^,. whereas the resin values for the flash dried 
benzol extract varied from 11 #5^$ to 18.7%. 

Resins contained in the benzol extracts were considerably higher than 
for the control.  This indicates thxt goldenrod leaves v/hen subjected to 
high temperature drying are, comparatively speaking, poorly and incom- 
pletely extracted mth acetone, thereby leaving a high per'centage of resins 
which will be removed for the most part with the rubber during the subse- 
quent benzol extraction. 

The titration values and viscosities of the benzol extracts indicate 
tlmt the rubber quality has not been very seriously impaired by subject- 
ing the goldenrod leaves to a fairly wide temperature range of drying, 
however, the tensile strength values of the vulcanizates are below the 
control* 

The precured rubber from the flash dried leaves milled unsatisfactorily 
with additional chemicals required before vulcanization. All samples were 
very dry and crumbly, in fact,, it was impossible to mill in properly the 
requisite amount of*zinc oxide and D.F.G. 

In the Laboratory all extractions, precompounding, milling, vulcaniza- 
tion and testing, etc. have been carried out on the 1943 harvests with the 
apparatus and equipment used on the goldenrod leaf material for the .1942 
crop. However, all of the goldenrod harvested from the 1943 crop,' includ- 
ing the general harvests, special batches sucn as ensilage and retting 
experiments, kiln dried, sun dried, and flash dried material .contained 
stems and blossoms in addition to leaves, and the la,st date of harvest 
samples contained an appreciable quantity of dead leaves and some blossom. 
Since there is little or no rubber in the stems and blossoms, and the 
rubber from dead leaves is of exceptionally poor quality, the percentage 
of benzol extract reduced in most cases to a very  low value of approxi- 
mately 1^1/2 to 2%.   'For this reason the bulk of the material to be 
extracted must be large in order to obtain enough benzol extract for. 
determining gum and tread stock vulcanizates necessary in satisfactorily 
evaluating the quality of the rubber contained. Furthermore, ..the "ratio 
of the resin content of the material to be extracted to its rubbi^r content 
was 3 to 4 times higher than that obtained on the leaf material from the 
1942 crop» A long extraction time with acetone v/as required to remove the 
resins, in fact, the usual extraction time of 24 to 32 hours applied to 
1943. mater ial stiLl left 'an appreciable quantity of resins for removal 
along with the rubber during the benz'ol" extraotioné Resin content of the 
benzol extract of 9-10^o or more usually accounts for low tensile strength 
values. î'feny of the special batches of goldenrod material have been in- 
sufficient in quantity to obtain enough benzol extract for satisfactory 



quality evaluation of the rubber contained•  This is especially true lArlth 
the date of harvest samples and SOITB others such as sun dried, flash 
dried, controls on ensilage, and retting experiments, etc« Larger quanti** 
ties of benzol extracts ,are required when removing the excess resins pre- 
sent by means of acetone precipitation of the rubber. Significant 
conclusions cannot therefore be drawn from these experiments since the 
scale is entirely too small for proper evaluation« 

The results noted in these experiments show the fallacy of conducting 
projected work on the relatively small lots of dried goldenrod, especial- 
ly when they contain appreciable quantities of stems and blossoms in 
addition to the leaf material«  In the event subsequent studies should bo 
contemplated on the recovery of natural rubber from goldenrod, use of at 
least 1/2 ton lots of flash dried material is recommended for proper 
evaluation tests«  Large rubber companies generally require a minimixm of 
two pounds of hevea rubber (smoke sheet) for processing any preliminary 
testing« At least 10 pounds of goldenrod rubber are suggested for obtain-* 
ing satis factor j'' evaluation» 

No significance can be attached to results of tests on rubber obtained 
from the laboratory extractions because of the variable, and in most 
cases exceedingly high resin content of the extract prepared from the 
material dried at the various temperatures.  For this reason, and because 
laboratory pot cures of rubber extracted and tested without purification 
to remove the- appreciable quantities of resins are also of questionable 
value, no particular significance can be attached to the fact that vuX- 
canizates for the different temperatures show tensile strengths below that 
of the control« 

Over the drying temperature range 350-1000^ F., analytical and labora- 
tory extraction test's as well as viscosity and titration values indicate 
no conclusive evidence of any deleterious effect upon the quantity or 
the quality of the rubber extractablo from the dried product« 

It is recommended that in order to properly evaluate flash drying of 
goldenrod, lots of the order of I/2 ton of dried leaf material should be 
furnished, depending on the rubber content, for providing at least 10 
pounds of resin-free rubber for adequate evaluation« 

over 



Vl-tp. 18 KILN DRYING TESTS 

These tests were made in order to determine the optimum temperature for 
large-scale kiln drying of goldenrod, by ascertaining the effect of tempera- 
tures up to 205*^ F. 3ander actual kiln conditions upon the quality and quantity 
of the rubber obtainable. 

Material. The goldenrod material used i/vas selection 3-S-79, all harvested 
from î'îanley field October 6-7.  Four separate lots were received, dried imder 
full load kiln conditions at Wajmesboro, Georgia, at 145^ F. (Bags 358-367), 
165^ F. (Bags 334-345), 185^ F. (Bags 323-333), and 205° F. (Bags 346-356). 
The material had been air-separated but was not ground. At the Southern 
Regional Research Laboratory each lot was thoroughly mixed and ground 
separately in the 15" x 8" Jeffrey hamiuer mill through a l/l6" screen, reduc- 
ing the entire amount to such fineness that 75-80^ passed through 40 mesh. 

Laboratory Extraction and Tests. Approximately 1 kg. portions of each 
batch were extracted in large soxhlet laboratory extractors, simll control 
samples being taken in each case for analytical determination of moisture, 
resins, and rubber.  Extraction in the large soxhlets was carried out with ace- 
tone for 24 hours, followed by benzol extraction for 24 hoi:irs to obtain the 
rubber. Results of these experiments are gi^en in Table YII. Recovery of rubber 
under the extraction conditions used for the kilogram lots differs from the 
rubber content determined analytically, even when allowance is made for the. 
amount of acetone soluble nmterial included with the benzol extract.  The 
results are somewhat higher in two cases and lower in one, while agreeing al- 
most exactly in another; those erratic differences are due to the diffic\;lty 
of effecting complete extraction or clean separation of substances such as 
rubber and resinous or tarry contaminants by practical, arbitrar;^ extraction 
procedures with comparatively large batches of material. Extraction of small 
analytical samples is exhaustive and thorough in the case of each solvent, and 
the percentages of rubber by analysis are more consistent and undoubtedly more 
accurate•  The purpose of the large laboratorj'- extractions' was the rapid pro- 
duction of a uantity of rubber sufficient for vulcanization arKl testing. The 
extraction yields and particularly the rubber analyses of the four samples 
show no change in rubber content due to drying at temperatures between 145 F. 
and 205° F, 

The concentrated benzol extracts v/ere analyzed to determine the resin 
content as well as the rubber concentration in each-case, but no purification, 
or separation of the acetone soluble resins liicluded mth thé rubber mis 
carried out.  The vulcanizates v/ere made with the material containing the per- 
centages of resin shown in Table VU. Precuring vvas carried out by adding sul- 
fur and chemicals in solution, evaporating and heating in laboratory vacuum 
pots by the standard procedure.  The procured rubbi^ milled satisfactorily^ 
but the vulcanizates had a spongy appearance, possibly due to high contents 
of acetone soluble resins in the reiw rubber, and the determinations of ulti- 
mate tensile strength are of doubtful significance in this series of tests. 
The values, shown in Table VIII,are unusually low, and are not much increased, 
by addition of D.P.G. to the standard Captax accelerator formula.  There i^as 
not sufficient material for preparation of carbon black reinforced test 
specimens from these laboratory extracts. 

Pilot Plant Extraction and Tests.  For pilot-scale ;bests three extraction 
cell charges of 75-80 pounds v/ere extracted of each lot of goldenrod material. 



VI-KILN L'JiYïîîG TESTS,   Tâ-BLE VII 

LABORATORY EXTRA.CTIOII DATA 

Hoi-s.-: 
ture  : 
a' 

A:N A L Y S I S SOXHLÈT EXT. YIE'J)S 

; Resins i 
I (Acet. Sol*.)î 
.in Benzol  î 

\     Ext. %        î 

Rubber * 
Res»-free' 

Yield  • 
fo  M.F.B# î 

\  Titra-Î 
î  tion : 
s Value î 

ml* î 

Kiln Drier; 

- lies.   : 
-Acet.  : 
Ext. - ! 

%  M.F.B.! 

Rub.  : 
Benz.  î 
Ext.   ! 

%  M.F.B.! 

Acetone Extr.; 
% M. F. B.  ! 

Benzol Extr. - 
% M. F. B.  < 

Visco-: 
>     sity ; 

.   c.  p.4 
Run & ■ ; 

Sample Ho,.; 

Indiv.; 
. Sxt»ns.: Aver. ! 

Indiv.î     ! 
, Ext'ns.: Aver.j 

#9 - Í45°F- 
Bags 358-367 

J 

. 7.00  : •  18.4  ■ ;  2.70  ' ;  13.44 ; 
!  14.30 ! 

, 13.87- .  3.77 î 3.52 i 
:  3.27 : 

i   18.1 
î 

;    2.88 î  4.85 : 0.685 : 

#7 -165°F.' 
Bags 334-345! 

: 7.20 '! :  16.6 ■ :  2.69  ' !  15.34 ! 
!  15.98 ! 

, 15.66! 
>              j 

!  2.94  ! 
! 2.76 ! 

: 2,85 • : 16»5 Í 
I                           t 

5    10.4   j 

î         2.38  , 

!              •< 

5 4*65 < t 0*687 : 

#6 -185**F.! 
Bags 323-333■ 

! 6.88  ; ;  17.1  - !  2.58  : !  12.72 ! 
Í. .13,54 ! 

. 13.13' !  2.98  ! 
!.  3.14  ! 

5 3*06 3 i       .2*74 i     4*60 • i   0.682 i 

#8 -205^F., 
Bags 346-356' 

;  6.24  , ':     18.1 ':     2,73 ':     13.80 ! 
:  13.29 ! 

! 13.54 !  3.53  ! 
:  3.39 j 

I   3.46 . 
î 

î   20.B   Í ;   2.74 1 

i 

s  4.50 • 
î      1 

s 0.679 î 

< 
i 

CD 



VI-p. 20 VI-KILW DRYING TESTS,' TABLE VIII 

VULCANIZATION AND TEST DATA • i 

LABORATORY EXTRACTION SAID^LES' •  ■ 

Compoimding Fórmula 
Calculated to Resin- free Rubber Basis 

sample dried at: 145^ F* 165^ F. 185° P. 205° F. 
Added in Solution for Precure« •. ' • 

Rubber, res in-free  (g.) 81.9 83.5 89.6 79.2 
Rubber, resin-free Parts 100 • 100 ; 100 100 
Resins, incl, with rubber tr 22a 19.8 . 11.6 26.3 
Sulfur tt 4..27 ^ 4.19 5.90 4.42 
Thiotax Tl 1.22 1.20 1.12 1.26 
Zinc Stéarate H 6.71 ' 6.58 6.13 6.94 
Flectol H fl 1.22 1.20- 1.12 1.26 
Added on Mill: 
Zinc Oxide (to entire stock) it 6.71 6.58 6.13 6.94 
D.PtG« (to part of stock only) ff 0.61 0.60 0.56 0.63 

Vulcanization à  Tensile Strength 

Sample ! Cure @ 
260 F. 

MODULUS Tensile 
, Strength' 

.Elonga- 
tion 

Reraarks on Milling 
and 

iVulc. 
Dried 300 % : 500% . No. 
at Mins. ■ p.s.i. :p.s.i. p.s.i. ■ Vulcanizate 

20 ;  195 , ,  390 ■ 675 .  600  ; ' 

145° F- .  40 .  235 !  430 750  ! 600  ! Milled well. ! 445 
!  60 !  235 :  430 !   660 ,  575  - No D.P.G. added. 

.  20 75 :  280 !   800   ; ,  700 
165° F' 40 !  120 !  390 :   850 !  650 ! No D.P.G. added ! 443 

.  60 .  125 440 860   ! 600  ! 

185° F 
!  10 
!  20 
■  40 
í  60 

: ¿L40 
:   35 
:  -80 - 
!   75 

¡  165 
:  195 

240 
275 ■ 

!   365 
:  470 
!   720 

66è  - 

!  625 
!  650 
:• 700  ■ 
1  700  • 

! Hilled well. No. 
. D.P.G. added. 

444 

205° 
! 

Fi 
20 
40 
60 

í   - ' " 

,  225 ! 
:  230 • 

415 ! 
385 : 

.  ,100  .• 
430 
380 

■25Ö  ! 

!  500  • 
500  , 

No. D.P.G, added.    ; 
Spongy vulc.        ; 

; doubtful value. 
446. 

145° F- 
15 
30 

•  45 

120 • 
:  195 
!  235 

315 ' 
!  430 . 
: 470 

520 
785  . 

!  810 

.  575  ■ 
!  600 
:  600 

: D.P.G. added.       ; 

165° FJ 40 !  195 • 550 - 1100 600  • D.P.G. added,       ; 

185° Fi 45 
60 

160 
!  155 • 

.  400 " 
390 

1040 
:   940 

,  700 
!  675  ! 

, D.P.G. added. 

205° Fi 15 
30 

:  115 • 
.  190 • 

310 ■ 
,310 ¡ 

.'  380 
500  ! 

,  575  ■ 
575  ! 

, D.P.G. added.       ¡ 
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Care was exercised to keep both the acetone-and benzol extracts of each lot 
separate, qualitatively as well as quantitatively. Acetone extraction of 
the three cells of one lot v;as not begun until acetone extraction of the pre- , 
ceding lot had been completed, and similar precautions v/ere taken for benzol 
extraction.  In addition all rubber miscella tanks and evaporators were 
thoroughly rinsed mth benzol betv/een extractions of differ-ent sançles. Ace* 
tone extraction was continued for 14 hours, circulating 115 gallons per hour 
at 140^ P., after ^vhich the rubber was obtained by 14 hours extraction with ^ 
benzol at 75 gallons per hour and 175^ P., rates of flov/ and temperatures of 
solvents being averages for the duration of the rune 

Results of these pilot plant eixtractions are given in Table 1X#  Yields were 
calculated from the volumes, concentration^, and analyses for resins of the 
concentrated benzol solutions of rubber produced» 

As information on safe kiln:drying temperatures v/as urgently required, a 
rapid preliminary evaluation of the rubber quality of these pilot plant samples 
was made without further purification... Sufficient volumes of each solution 
v\rere taken to provide .100'.*g." of total solids, and after concentration to a con- 
venient volume in the laboratory vacuum pots the standard amoimts of sulfur, 
accelerator and other chemico-ls v/ere added for complete solution compounding« 
The rest of the benzol'was removed under vacuum, and the rubber precured at 
80° - 90^ C# for 2 hours, fhßse vulcanizates contained the 8-13>¿ of resins 
shown in Table ÍX, ' and* amouints of rubber consequently varied from 87 g. to 
92 g. in the different samples* Compounding in every case i/vas based on an 
estimated 94 g. resin-free rubber as shown in Table X, in v/hich milling, 
vulcanization, and tost data are summarized.  Por the gum stocks only zinc 
oxide was milled into the precured composition, after which a portion of the 
stock was vulcanized and the remainder milled with D*P»G. as a booster 
accelerator and carbon black to prepare tread stocks.  Preparation of separ- 
ate gum stocks was possible only in the case of samples from goldenrod dried 
at 165^ and 205^ P.; the gum stocks of samples from material dried at 145° and 
185° P» were so sticky that molding was impossible, and only the carbon black 
reinforced tread stocks could be handled satisfactorily for vulcanization. 
These results, as well as the tensile strengths of the tread stock vulcaniz- 
ates, are erratic and do not show a consistent trend v/ith drying temperatures 
employed.  Resin percentages were not determined until after these prelimi- 
nary vulcanizations were completed, and it may be significant that the two 
preparations containing over 12)^ resin were the ones that could not be milled 
as gum stocks. A high resin content may account for the relatively low ten- 
sile strength of the 185° F. sample, although the 145° P. sample has a fairly 
high tensile strength despite its high resin content. As only 60 minutes 
cure were made on each case, these results can have only limited significance. 

In order to determine the quality of the rubber more accurately it v/as 
necessary to eliminate the effect of resin content as completely as possible, 
and to carry out the precuring operation under more uniformly controlled con* 
ditions.  Por this purpose a sufficient volume of solution of each sample w^is 
taken to obtain about 750-800 g. of rubber, and piirified by addition to three 
volumes of acetone to precipitate the rubber and remove most of the acetone 
soluble res ins# The purified rubber was redissolved in benzol and in most 
cases about 700 g* compounded in solution.  Only about 560 g. of the 185° P. 
sample was available.  Tha benzol wris evaporated and precure applied in a 
small Loomis jacketed mixer of l/4 gallon capacity. Tiith these larger, 

over 



VI-KILN DRYÏIIG TESTS,   TABLE,'IX 

PILOT PLANT EXTRACTIOM DACA 

#7-165° F. 
334-  345 

236 2.49 (16,88 
(13.88 

¡112     ); 
:   38     )! 

10.5       :   5,33  t       4.76  :     2,02     s     81,1 

I 

Kiln Drier- I'/iaterial: 
.Extracted: 
Tot. ?/t.: 

:   Lbs.  : 

Anal. 
Rubber : 
%    on ¡ 
Tot.m.: 

RUBBER SOL.   :  Resri :    Rubber Yield 

Run and   : 
Sample No.; 

Volume (1.) 
(Conc.fract. 
(Dil.   " 

: Total: in Tot'\l 
.Solids: Solid» 

; Total 
! Crude 
!  Lbs. 

I  Resin- 
! free i 
;  Lbe.  ; 

.    %  on 

. Total 
Weight ■ 

! „Ext, 
¡ Eff. 

#9-145^ F. 
358 -367 ' 

Í   240   : ■ 2.51  ' Í  (18.03 
(17.03 

! 89.6):,  12.5 
: 32.8):         ! 

'.  4.79 '' !  4.18 'i 
i 

1.74  i •  69,4- 

#6-185°   Frt 
3E3 - 333   : 

240 2.40 (19.09 
(13.79 

63  ) 
30  ) 

12.) 3.56  !     . 3,10  j     1.29     5     53,9 

#6-205°F. 
346 -  357 

226 2.55 (18.01 

(17.01 

88  ) 
37  ) 

8.4 4.89 4.47  :     1.98     :     77,6 



VI-KILIÎ DRYING TESTS,  TABLE X 

VULCANIZATION AND  TEST D/vTA 
PILOT PUNT E}iTRACTIONS 

VACIJUIi POT PRECURING OF UNPURIFÎED RUBBER 

VI-p* 23 

Compounding Formula 
Calculated to Resin*-Free Rubber Basis 

Parts 

Sample dried at: 
Added in Solution for Prepure; 
Rubber-crude, incl* resins, g« 
Resins in crude rubber, % 
Rubber, resin-free, g* 
Rubber, resin-free 
Resins, incl. with rubber 
Sulfur " 
Thiotax '^ 
Zinc Stéarate " 
Flectol H " 
Added on Mill; 
zinc Oxide (for all stocks) '* 
D.P.G* (for tread stocks only) ^* 
Carbon (Statex) (for tread stocks only) Parts 

145' 165^ 186^ 205^ 

lüO 100 100 100 
12.5 10^5 12.9 8.4 
87.5 89.5 87.1 91*6 

100 100 100 100 
14.3 11,7 14.8 9.2 
3.76 3.68 3.78 3.59 
1.07 1.Ü5 1.08 1.03 
5.91 5.78 5.94 .5.65 
1.07 1.05 1.08 1,03 

5.91 5.78 5.94 5.65 
0.57 0.56 0.57 Ü.55 
57.1 55.9 57.4 54.6 

Tensile Strengths 
60 Min, Cures Only @ 260^ F. 

^ Stock Î 

li  0' D Tí' L U' S ' 

Tensile 
p»s,i,    ! 

Sample • 
Dried \ 
At   : 

300;? ! 
p.s.i.! 

500>J : 
p.s.i.. ; 

Elongation 

145^ F. Í Tread  \ •  340 
t 

.  950  : 1900 TOO 

165^ F. Î ft í 425 . 1180  i 1775 !      625 

185^ F. ;   " I  265 i  735 1600' !.  ,    700 

205^^ F, ,  ff !  460 ! 1510 !         2230 !      700 

165^ F. Î  Gum : ! :         500 ;      775 

205^ P* tí 

! 

! 
:         655 î      825 

! 

over 
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put*ified samples it was possible to make a more compl€.*tô series of both gum 
and ti*ead stock vulcanizates to determine mfiximum tensile strengths in each 
case.  Compoimding, millings and vulcanization data^ and tensile tests are 
r^ecorded in Table XI. Milling was satisfactory in every case and both gum and 
tread tensile strengths are much higher than in the caèe of laboratory pot 
precures of the unpurified rubbei*. No more consistent trend is evident in 
these results than in the series obtained on unpurified rubber given in Table 
X#  In both series the rubber prepared from goldenrod dried at 205^ Fé iâ 
somewhat better than any of the lov/er temperature test samples, and the re- 
sults indicate no deleterious effect on the product due to increased drying 
temperatures over the range 145° F. to 205° Fi 

Conclusions^  1* ^ No significance can be attached to results of tests on 
rubber obtained from the laboratory'extractions, because of the variable and^ 
in most cases, excessively high resin contents of the preparations.  The deter- 
minations of viscosity and titration values on these samples show no signifi- 
cant variation in quality of the rubber due to dryi.ng at any of the tempera- 
tures used# 

2. Laboratory pot precures of rubber extracted in the pilot plant and 
tested without purification to remove the appreciable quantities of included 
resins are'also of'questionable significance, although carbon reinforced tread 
stock vulcanizates gave fair tensile strength values indicating no adverse 
effect on quality of drying temperatures up to 205 F. 

3. Pilot plant extracted rubber, purified to contain uniformly less than 
Z%  resins, and procured in larger batches under as ^miforrn and carefully con- 
trolled conditions as possible, gave.maximum tensile strengths on vulcaniza-^ 
tion which show no significant trend with change in drying temperature.  Up to 
205° F. there is no evidence of any deleterious effect upon the quality of the 
product. 

4. Analytical determinations made upon samples of the various batches of 
kiln dried goldenrod ma^terial after mixing and grinding show no significant 
difference in rubber cantent as a result of the differences in drjring tempera- 
tures ♦ 



VI-KILN DRYING TESTS,  TABLE XI 
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VULCANIZATION AND TEST DATA 
PILOT PL/iNT EXTRACTION-PURIFIED RUBBER - PRECURED 

IN SMALL LOOMIS ÎHXER 

Compounding Formula for all Samples 
Calculated to Reain-^free Rubber Basis 

Rubber, resin-free 
Resins, incl, with rubber 
Sulfur 
Thiotax 
D.P.G. 
Zinc stéarate 
Flectol H 
Zinc Oxide 
Carbon (Statex) for tread 

Parts 

Added in Solu- Added 
tion for Precure in Milling 

1ÖÖ.Ö ' ' ' 
1.6 - 1.9 #• 

0.60 2.90 
0,75 0.25 
Ü.30 0.50 
5.50 - 
0.50 ^ 
- 6.50 
- 50.0 

Sample:   Cure @ 
Dried   -.260° F. 
At       ;  Mins. 

MODULUS 
"5ütF 300;^: 

p.S.i<p.3.i• 
i/a 

Maximum 
Ten.  Str. 
p.  s.  i. 

785 
435 

1100 

Ult. 
Elong, Remarks 

:     10 
léS'^F.:     20 

:    40 
7~~W 

165°  F:     20 
t     40 

165: 
200: 
265: 

625 525 
400     : 
475 

200: 
2 00-. 

865 
1200 

200Ö 
2470 
1530 

Gum stock with DPG added. 
Milled very well. 

20 
40 

725 
650 
550 

TSÖ7 
170: 
235: 

830 

Gum stock with DPG added* 
Milled very well at first, 
later sticky. 

185°F. 

TU" 
20 
40 

TsFT 
205: 
300: 

565 
965 

1600 

1300 
2000 
400 

625 
375 

Gum stock with DPG added. 
Milled vonr well. 

2350 
1770 

205°F. 
650 
625 
525 

Gunl stock with DPG added. 
Handled extremely well. 

TREAD STOCK-50 PARTS STATEK ADDED 

145°F. 
:  10 ,  735: 1635 2135 !  600  , 
!  20 . 1230: 2535 2535 !  500 1 Milled well. 
!  40 ! 1540:  - í  2330 !  425 
, io "62d: 19ÖÖ "• 235Ó !    600  ! 

165°F. :  20 1180: 2430 ¡ 2430 !   500 ! Did not mill so well. 
:  40 ! 1485:  - :  2320 !  425 
,  10  1 575: 1625 ¡  2170 .   600  ! 

185°F. 20 , 1200: 2270 !  2270 !  500 ! Milled Vieil. 
• t  40  ! .1530:  - ¡  2535 !  425  • 

10  i 735: 1905 ! ,   S600  • !   650 
205°F. :  20  i , 1255: 2540 : 2850 ¡   550 ! , Sheeted on cold rolls. 

!  40 , 1535:  - 2375 !  400 
over 
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Tests on Effect of Sun Drying anc^ Hßs^ting in St ora, ge^ The golden- 
rod material for these experiments was harvested October 5^ machine 
stripped, and the coarse stems picked out by hand in V/ajmesboro. For 
the sun drying tests the material was spread on trays with paper 
covered bottoms and exposed to the sun for 24 hours on three 8-hour 
days» For the test on heating in storage, material was packed in 
cartons and sealed, and allowed to heat for 66 hours. Upon removal it 
was dried in a tray drier for 5-l/2 hours at 145^ F« Green leaves for 
the control on these tests were dried for 7 hours at 145 F» in the 
tray driers. 

The dried samples were ground through the l/32^' screen of the Ball 
and Jewell mill at the Southern Regional Research Laboratory* Lar^^c- 
scale laboratory extí^actioñ data and analytical results are summarized 
in Table XII, Vulcanization and testing data are given in Table XIII. 

The titration values of the benzol extracts, obtained from the con- 
trol and leaves heated before drying, indicate the presence of rubber 
of slightly higher molecular weight than that obtained from i-.he benzol 
extracts from the sun dry extractions, but significance of titration 
values is doubtful as a measure of quality of the entire sample«,  It 
will be noted that the acetone extract is lovrer  and the benzol extract 
is slightly higher from the control and heated leaves, also that the 
resin content of the benzol extracts is higher in these cases. The 
yield of resin-free rubber has not been decreased by exposure to sun- 
light in s-un drying. 

The procured samples of rubber, from the' control and sun-dried 
tests, milled verj^ well v^rith the additional chemicals required before 
vulcanization, whereas the procured rubber from the leaves heated in 
storage appeared to be too diy for satisfactory milling. TBbile the 
accuracy of evaluation is probably not sufficiently great to determine 
differences in quality of the rubber on these samples, however, these 
data do indicate* that the quality -of the rubber has not been impaired 
by subjecting the leaves to sun;drying or by heating in storage before 
final drying» 



VI'TABLE XII 
EFFECT OF HEATING à SUE  DRYIHG OH YIELD 

• ■ Sample : 
: fo  Moisture 
: As' Rea*d* 

% Resins 
: Acetone Ext. 
:' M.F.B. 

: . % Rubber 
: Benzol Ext 
Ï  M.F.B. 

: % Resins 
t in Benzol 
: Extract 

fa Rubber 
: Resins- 
:free 
: M.F.B. 

: Titrn. 
: Value 
••Benzol 
: Ext. 

:Víso. 
;Benzol 
: Ex— 
ttract • 

:  Rubber 
^ Analytical 
!  M.F.B. 

Sun Di^y '.]'  ^ • 
(24 hours )^^î 

I.      9.70 î 19.08-19.75- Í  3.80-3.87j . . 8.40 I     3.52 I     4.60 i0.691 \ i   3.54 

Heated- lea"eesj 
before dry- : 
ing^.      Î 

7.72   I . 12.18-12^93î 4.30-^.19i 14.40  : 

• 

3.62 î I    4.50 : 0.680 j 3.72 

Î 

Control     î 5  7.05   î 15.78-15.57: 4.20-4.06: 13.60  : 3.57 : ;  4.50 î 0.673 ! 

5 

3.66 

■>3 
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VI^^BLS XIII 
EFFECT OF HEaT0Ö <&;;Sl)M"'bWlNG ON QUALITY 

Rubber, crude^ ihcl» resiAs^ gi 
Resins in crude, rubber, - % 
Rubber, resin-free^  g». 
Rubberjj resin-?free     Parts 
Resins, incl. with rubbet* *^ 
Sulfur " 
Thiotax " 
Zinc Stéarate ^' 
Flectol H " 
Added on Mill: 
2ihó Oxide " 
Dît^éGé " 

Suh Dry 
.84 Hr*Si 

ill, . ¿.iMii ;   liiiijiitirrt 

■   .   49»2 : 
' 8i4 

45.1 
100,00 

9»2 
3 »62 
1.09 
6.00 
1.09 

6.00 
.55 

Heated Leaves 
Béfbío Dr*ying 

i 50,il    Í 
1414 
48i0 

lOOkOO 
16,8 
4.09 
1.17 
6.43 
1.17 

6.43 
.58 

Coñ'fci'ol 
--^5tr 

13,6 
39,0 

100.00 
15,7 
4.05 
1,16 
6.36 
1.16 

6.36 
.58 

Cure @ 
260® F. 

¡MODULUS 3_ Maxiraum 
' Ten. Str, 

: Ult. : 
:     @ :Elong,i      Remarks 

Sample : Mins. 1 500?^ ■ : 500>1 ! p. S. i. •^     %       : 
:  20 !  60 ! 18Ô' S  1230 !  750 : 

Sun I      40 : 145  - ! 400 i !  1440 !  700 ; Sample milled satisfac- 
dry, 24 !  60 Í 185  ■ ! 470 !  1590 í 675 ! torily. 
hours. !  80 ! 160 : 520 • !   960 ! 600 Î 

!   15 ! 'Uo'"' ; 370 t  1660  . !  750 } 
!  30 : 220 ! 690 • 1  1880 ! 700 : 0,5 part D,P,G. added. 
:  45 . 275 : 925 Î  172Ó ! 625 : 

Heated :  20 ! 140 ! 420 :   930 ! 600 : 
leaves Î  40 ! 180 ! 460 < !  1010 ! 600 : Too dry for satisfactory 
before !  60 ! 180 : 520 !    1050   ! , 575 : milling. Probably too 
drying :  80 ! 190  , ! 500 ■ !   770  ! I 575 : much precure. 

15  . ! 165 ! 540 - !  1050 ! 550 : 
Í  30  ! . 260  • ! 660 i !  1250 ! 550 ; 0,5 part D,P,G, added. 

45  ! 260  ) ! 690 ! !    llfeÓ    i , 550 t- 
,  20  i ! 130 ", ! 290 i 785 ! 675 t 

Control ! 40  ! ; 155  i ! 360 ! i   890  ! ! . 650 : Good milling. 
1  60 ! 180 ( ! 425 • !   89Ö 1 575 :- 
!  15  : 120  ! , 33Ó ! 990  i .  700 :  ■ 

30  i Í 190  ! . 500 ! 1290  i . 650 : 0,5 part D.P.G. added. 
45  , 200  ¡ 1 590 ! :       128Ô  , •625.,:. 

• 
4 
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VII-RAW MATERIAL^  GRINDING, AIR-SEPARATION, AND SCREEHINQ 
'iM»iin^ii II   ■■ iii.j«iiwi«aiiiii<iwiini»iiiiiiini»n >iiiiiiin|iii III ■ itimtmmmmfiimttmmiimémitàmmi'mmmMMtMm»!» iiiiumpniiiii n ■■«■■nim. n ^ii um« MniH 

The purpose of this work was twofold; first, to determine the suit-* 
ability of a hantmer mill fer large-scale grinding of dried goldenrod 
harvest material and, second, to determine whether a screening method 
could be developed for effectively separating or fractionating the dried 
mixture of ground goldenrod leaves, sterns^ and bloom received from 
Wayn^sboro, Georgia. The first part of this section cove^rs the grinding 
experiments which were made to check the final decision to use a haimaer 
mill for grinding the entire goldenrod crop at Waynesboro, The second 
part of the section is. devoted to the experiments conducted on screen- 
fractionation of the ground material and also includeö a brief account 
of the experimental work done on air-separation of the ensilage-cut 
whole plant material after drying, which was abandoned in favor of air- 
separating of the ensilage-cut freshly harvested material before drying* 

GRINDING 

The hammer mill used for grinding the goldenrod material was a stand-^ 
ard 8^* X 15" Jeffrey machine, with 10 horsepower driving motor fitted 
with standard rectangular construction swing hammers. The mill was not 
equipped with any auxiliary pneumatic system for discharging, recycling, 
or segregating the ground product. The pulverized material -yvas merely 
collected in a suitable cloth-enclosed receiving can placed under the 
discharge outlet* A series of eight runs (tabulated below) was made, 
in which the following operating factors were varied: feed rate, mill 
speed, hammer siae or thickness, and sisse of screen opening» 

Mill Speed 
r. p. m# 
 STSü— 

Screen ÚXie 
{Ôpeniiigs) 

-, 1 /'7biT t- 
Rvm No, 

1 

Hamitisr S'ize 
(Thiekness) 

173^ 
1/32" 
1/32" 
I/I6" 
1/16" 
I/I6" 
I/I6" 
I/I6" 

2 
3, 
4 
5 
6 
7 
8 

1730 
2440 
2440 
2440 
2440 
2440 
2440 

1/8" 
1/8" 
1/8" 
1" - 
1" 
1/2'Î 
1/4" 

The exact arrangement of the hammers for each riin is shown in Figure 1. 
Careful observations were made throuhout of the general function and 
behavior of the machine in regard to factors found to be critical in 
this operation; i.e., overheating of the material, horsepower consump- 
tion, and clogging of the screen openings at the high feed rates» 
Complete results of these runs are given in Table I. Power readings, 
taken over only short-time intervals, were merely indicative and did 
not necessarily represent actual average power requirements at 
equilibrium conditions over long periods of operation.. Two runs were 
also m^de using a Ball and Jewell mill for the purpose of comparing the 
screen analysis of the pulverized, material using corresponding size 

over 
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screens in the hanimer mill experiments, but no feed or capacity rates or 
power readings were taken» 

The material used for the runs was taken from various lots of the 
1942 goldenrod crop which had been hand**stripped and contained practi- 
cally no stems and blooms. One lot of material was used for the Ball and 
Jewell mill run, another for hammer mill run No» 1, another for runs 3, 
4, 5, and still a different lot for rims 6, 7, önd 8. Run No, 2 was 
made using a mixture «f coarsely ground leaves, partly ground leaves, 
and whole leaves. All of the leaf stock averaged 8-10ji5 moisture.  The 
dried stock was of a brownish green color and was of good general 
appearance with the exception of that used in run No. 2 which appeared 
to be of inferior grade. 

In run No. 1 the niaterial was fed steadily up to and at the maximum 
rate at which the mill was able to handle the feed. Bridging of the 
leaves above the hammers occurred several times in the course of this 
run. This was believed due partly to the feed material being matted 
and compressed, and partly because of the method of feeding used. The 
heterogeneous mixture of stock used in run No. 2 V)^s fed too fast into 
the mill and the consequence "vvas that the material heated excessively 
(185^ F.) and clogged the screen. Run No. 3 was the first run con-^' 
ducted at the high speed and ims made for comparison with the results 
obtained at the lov/er speed. The capacity of the mill was considerably 
reduced at the higher speed but the pulverized product was very much 
finer^ Runs 4 to 8 inclusive were all made at 2440 r.p.m. using the 
l/l6" screen throughout.  The only difference was the variation in the 
size of the hammers used.  It ^vas observed that the maximum rate of 
feed up to the power capacity of the driving motor was limited in these 
runs only by bridging of the nxiterial over the hammers, which condition 
persisted and served to complicate the operation.  In riins 7 and 8 
there was a tendency for bridging of the leaves upon any slight increase 
in the feed rate. 

Separate pilot plant extraction of the goldenrod leaves ground 
through the Ball and Jev/ell mill using l/l6" and l/32" screens indicated 
that the screen with the l/l6" openings did not produce a product fine 
enough and of correct particle size distribution for extracting over 
70^ of the available rubber in the leafstock, whereas a relatively high 
extraction efficiency approaching almost complete extraction was ob- 
tained when the 1/32" screen was employed. Extraction results, reason- 
ably paralleling those obtained with the Ball and Jewell mill were ob- 
tained with the nBterial from runs 1 to 3 inclusive, which had been 
ground in the Jeffrey hammer mill using the l/32" screen. This is 
entirely predictable on a basis of the respective screen analyses for 
the two screen sizes shown in Table II, regardless -of the size of the 
hammers used. As evidenced by the results shown, the size of the 
hammers has only a minor effect on the fineness of the ground product 
and also on the capacity of the mill. Data are given for l/8", l/4", 
1/2", and 1" thick hammers used against a I/I6** screen, but only l/s'* 
and 1/4'* thick hammers i^ere used against the l/32** screen. As far as 
fineness of grind and particle size distribution using the I/I6" screen 



Is concçrned, best results were obtained where either the 3L/2*Vor 1" 
harmners were used« It was not possible to conduct a systeraatic study 
comparing screen sizes from a standpoint oí rate of material throughput 
or capacity at the maximum rated motor horsepower at any one speed or 
over a range of speeds♦ Observations made during these tests indicate 
that considerations other than power consumption are the limiting 
factors of capacities attainable for continuous operation of the hammer 
mill, such as overheating of the material and plugging of the screen 
openings. It was also observed that holdup above the hammers con- 
sistently preceded overheating of the ground material, lowered tsapacity^ 
and eventual clogging of the screen resulting in frequent stoppage of 
operation« 

In all of the runs made, th© feed rates shown are close to the maxi*^ 
mum that could be handled by the mill for preventing overheating, of 
the material holdup above the hammers in the case of the l/32'^ screen 
and because of bridging of the material in the other cases as stated« 
This bridging effect was due largely to the condition of the leaves and 
to the method of feeding» The leaves were considerably matted and 
tended to bridge above the hammers unless they had been well separated 
before delivering into the mill# It was obvious that elimination of 
bridging would not be a difficult procedure and would result directly 
in considerably increasing the grinding capacity of the hammer mill» 

As all of the power data listed in this report cover at best only 
short time inter'^^ls, and also because of the complicating factors stated 
above, little significance can be placed on, and conclusions drawn from 
these results for indicating what the power requirements would be for 
continuous operation of the mill at different loads» For the same reason 
and also due to the overheating of the materiö.1 at high feed rateó^ 
especially for the small screen openings, it would be impossible to pre- 
dict accurate capacities for any set of conditions over a comparatively 
long period of sustained mill operation» Although a throughput of approxi- 
mately 15 poxmds per minute was obtained for run 5-e with the l/l6** screen^ 
at top mill capacity (2 minutes duration), it may be safely stated, after 
taking all of the above factors into consideration, that a conservative 
estimate of the mill capacity for sustained operation would be not more 
than 10 pounds per minute at 2440 r»p#m* using a l/l6^* screen with l/2** 
or 1'* hammers, and not more than 5 pounds per minute using a 3/64^' 
screen for assiiring adequate material fineness necessary for complete 
extraction of the rubber^ together with minimum clogging of the hammer 
mill screen. Use of a 1/32" screen is definitely not recommended because 
of the reduced capacity of the mill and also inasmuch as the ground prod*- 
iâct is finer than is necessary for extraction» 

The exact wearing effect that a material of the goldenrod loaf type 
would have on the various parts of the hammer mill can only be deter** 
mined by conducting runs over a long period of time« The 1/32" screen 
was badly dented at the end of run No» 3 but this i/vas attributed to 
the presence of several large pieces of stem material which kept recir- 
culating in the throat of the machine just above the hammers. The l/l6" 

over i^ 
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screen had three small dents after completion of runs 4 to 8 inclusive, 
but otherwise wag in a very good condition» 

Results of the studies reported indicated that a standard hammer mill 
similar to the Jeffrey type is a suitable machine for grinding goldenrod 
leaf material. Under the right conditions, that is, with the proper size 
of screen and hammers, this mill can very effectively grind this type of 
material to a fineness suitable for complete pilot plant extraction of 
the rubber contained* On the basis of these findings, a hammer mill was 
used for grinding the bulk of the dried crop at Waynesboro, Georgia, 
This material had been ensilage-cut on harvesting and then air- 
separated before drying and consisted roughly of only 20^ leaves and the 
balance bloom and stems, but the mixture ground satisfactorily in the 
mill. The ground product, however, contained very little rubber and 
fiArther purification by screening or air-separation methods was 
necessary in order to increase the rubber content for pilot plant proc- 
essing*'. 



VII-TABLB I 
GOLDENROD GRIÎÎDIIÎG AÎID  SCREENING TESTS 

Run : Speed 
: R.P.M. 

¡Screen 
ÍOpenings 
; Inches 

! Hammer 
¡Thickness 
, Inches 

: Lbs. 
¡Ground 

¡Time 
¡Mins. 

¡ Feed : 
¡ Rate  • 
¡#s/Hr. • 

Tíatt-hour 
Meter .K.W.H. 

¡ per 
¡100 # 

¡Avg. 

¡H.P. 

¡Terap. 
¡ °F 
¡Avg. 

No. . *Rev. 
Total 

¡K.W.H. 
.Used 

:  Density 
: 7'^/cu. ft. 

1 ! 1730 . 1/32 ; 1/4 ! 36 
! 
¡ 33 ! 64.5  ! , 125.5- ¡  2.26 ¡ 6.25 ¡5.37 ¡ 125 >      — 

2a 
2b 
2c 

! 1730  ; 
Í 1730  ! 
: 1730  ! 

: 1/32 
! 1/32 
1/32 

:     1/8 
¡  1/8   . 
¡  1/8 

: 26 
! 45.3 ! 
! 75,5 ' 

í 11 
¡ 59  • 
. 41 

¡140.5  ! 
¡ 46.1  ! 
¡110.5  ! 

-   ! .   -  • ¡ !   -   " 
! 185  • 

¡     57 
¡     37 
!     37 

3 ! 2440  ! 1/32 .  1/8   .. ¡109  ■ .128  . ¡ 50.8  ; , 225 .  4.05 ¡ 3.72 ; ¡2.71 - . 115 ¡     33.7 

4 : 2440 ¡ 1/16 .     1/8   , ¡ 66  i • 13.75 ¡288.  : 26.75; .  0.48' .  .73 ; ¡2.83 i 100  ; ¡     29.4 
5a 
5b .. 
5c  ! 
5d  ! 
5e  . 
5f  ■ 

! 2440 Î 
! 2440  ! 
! 2440. ! 
, 2440- ; 
1 2440  • 
! 2440  ! 

1/16 
l/l6  . 
l/l6    ! 
l/l6 
l/l6  i 
l/l6  - ■ 

¡  1     1 
¡   1        ! 

1       ! 
¡  1 
,   1        ! 
!   1        ! 

! 47    ! 
10  i 

¡ 30  ! 
, 27  ! 
¡ 45  ! 

. 7.66 

. 1.05i 

2,33 
. 1.88! 
2,28; 

¡368.   ! 
¡554.   ! 

-   ■  ! 

¡775   : 
860  • : 
1182  ! 

26.00- 

13.5 ! 
12.  . 
22.  ! 

¡  0.47' 

0.24 
¡ 0.21 ; 

■0.40 ; 

¡ 1.00 

¡  .81 • 
¡  .80 • 
.  .89 ; 

¡4.81 ; 

¡8.43 • 
¡9.23 • 
¡13.9 ! 

, 115  " 

i 115   ! 
. 115 
115  ; 

¡     32.6 
¡     32.6  ■ \ 
!     32.6 

32.6 
!     32.6 

32.6 
6a  i 
6b  . 

2440. ! 
! 2440 ! 

1/16   .! 
l/l6  • i 

1        ! 

.  1       ! 

. 30  i 

. 40  ! 
3,lá6; 
4.75 ! 

. 570  ! 
¡ 510 • ! 

¡ 13.75; 
19.75; 

0.25 • 
0.36 • 

¡  .82 : 
¡  .89 : 

6.25; 
6.05: 

109  ! 
109  ; - 

7a  . 
7b i 
7c ' 

, 244Ö , 
: 2440  : 
. 2440 • 

1/Ï6  , 
l/l6    ! 
l/l6 

1/2   - 
1/2   .. 

¡  1/2   .. 

, 1Ö  , 
10    ! 

¡ 30  ! 

,1.66 i 
1.58 • 
¡4.78 ! 

¡ 362  ! 
¡ 380  ! 
. 378  ! 

5.5 ; 
5.5 ! 

17.   ! 

0.10 
■ 0.10 • 
0.31 

.  .99 ! 

.  .99 ; 
¡ 1.02 ' 

4.76: 
. 4.87; 
¡ 5.15; 

110  ; 
, 110  ' 
. 110  • 

30.4 
30.4 
30.4 

8a  . 
8b 

i 2440  ! 
! 2440  ! 

1/16   ; 
l/l6 

1/4   . 
¡  1/4 

¡ 39  '. 
¡ 34  ! 

.8.25 • 

.7.30 ■ 
. 284 ■ ! 
¡ 280  ! 

. 22.75; 
19.75; 

0.41 
. 0.36 

. 1.05 
: 1.05 

¡4.00; 
. 3.92- 

110 
110 

¡     29. 
¡     29, ■ 

♦Meter factor:     18 iwatt-hours  per revolution» 

I 
*X3 

en 
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SCREEN AMLYSES t 
Jeffrey Bxinmer Mill Ball & Jevfell Mill • 

No. 1 No. 2 No. 3 No. 4 No. 5 No. 7 No. 8 :  No. 1            No. 2 
c?a 

1/4» 1/8" 1/8'^ 
I&.mra.ers 

i/s" 1" 1/2" 1/4" 

1/32" 

1730 

1/32" 

1730 

1/32" 

2440 

Screen 
I/I6'* 
Speed (r 

244Ö 

i/ie" 
.p.m.) 
2440 

I/I6" 

2440 

1/Í6" 

2440  : 

!          Screen 
.  I/I6"       -    '1/32" 

Speed (r.p.ni. 
•  1000             1000 

% 
Passed Through Mesh' pas 

/o 

!sed Through 
- 

20 ■ .100. , 99.8 100 99.2 99,£ 99.9 99.4  : 95.2              100 

30 ! ¡ 99,8 99.6 99.9 87.2   - 95.4 "95.5 89.6  i 71.2  -           100 
40 ! : 95.9 96.1 98.8 53. 72.7 72.7 BBÎG     : 39.8              94.5 

50  : ! 49.3 56.7 77.2 22.3 35.1 55.8 27.6  : 18.9              28.7 

60 ■■ ; 46.6 54.2 72.8 18.7 30.7 31.2 23.4  : 14.12              28.5 

70  • : 28.9 19.1 50.2 . 13-. 2 21.S 21.6 16.6  ! 8.61              23^2 

80 i ! 24.3 18.7 47.5 11.6 19,4 19.0 14.8  ! 7.06              20w0 

100 : 18.1 17.7 . 40..7 9.0 15.7 15.1 12.2  : 5.15             -14.7 
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AIR-SEPARATION 

A complete air-separation unit with a handling capacity of 150-200 
pounds of material per hour  was designed and constructed at the Southern 
Regional Research Laboratory for pneumatically purifying the 1" ensilage- 
cut, dried, whole goldenrod plant stock shipped from l/feynesboro, Georgi-a. 
The assembly consisted essentially of a large wooden air^-box with adjust- 
able swing and slide type baffles, a fan of adequate capacity and suction 
pressure, and a cyclone collector. After making the necessary preliminary 
adjustments for optimum operation of the unit, effective two-way separa- 
tion was obtained on a single pass, which yielded a fairly concentrated 
fraction of impure leaf nmterial by removing a stem fraction amounting to 
approximately one-half of the weight of the original material. However, 
the machine did not successfully remove any appreciable quantity of the 
light bloom and chaff, the bulk of which remained included with the 
leaves. The following table lists the various fractions obtained with 
their respective percentages bj/- weight for a typical set of runs aggre- 
gating approximately 1900 poionds of raw material processed. 

Raw I^terial !    Stems    ¡ Leaves :   Bloom 
Run No, # # # # 

1    ! 155 !         75        ! 67 !    2.5 
2 338 !     158 166 !    10.0 
3 401 !     202     ! 191 13.5 
4 678 !     338 318 :   16.0 
5 361 !     149 !   196 i   14.0 

Total l¥eights !  1933 922 938 56,0 
Fraction %■ 47.7 48.5 2.9 

The enriched leaf fraction was concentrated to about 48♦5^ of the 
original raw material before separating and assayed 1»85/^ crude rubber 
content. Approximately 10,000 pounds of enriched imterial v/as produced 
from the baled stock shipped from Waynesboro. The entire production was 
later extracted in the pilot plant without any further separation or en- 
richment • 

Aro'und this time, inátallatioñ of air-separation equipment of adequate 
capacity had been completed at Waynesboro and the above procedure was 
abandoned in favor of air-separation of the freshly harvested ensilage- 
cut whole plant stock for removal of the stem portion prior to drying and 
&-rinding. This procedure i-vas permanently adopted at Wajniesboro.  Further 
^-inal separation by screening was carried out at the Southern Regional 
^^>search Laboratory and is described in the following part of this sec- 
tic •Wi 

SCREMING 

•''^e material processed through the screening machinery "vvas the 
genen^]^ harvest goldenrod ^ich had been cut in an ensilage cutter. 

over 
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air**»eparated to remove large sterna, kiln-driedt and finally ground in a 
hammer mill with l/32" or 1/16" screen» The groxmd product which had a 
composition of approximately 20^ leaves, ZQ%  stems, and 50^ bloom (flower, 
seed, chaff) was shipped to New Orleans from Waynesboro, Georgia, in 
paper bags each containing 30 to 40 pounds of goldenrod, A total of 3153 
bags or 116,489 pounds was received, 

A standard 18" wide, three-tray cottonseed meats purifier operating 
at a shaker speed of 300 cycles per minute was used to separate this 
material. This machine was equipped with high pitched shakers specially 
suited for processing relatively large particles of cottonseed or peanut 
meats and hulls through corrugated perforated metal plates but performed 
satisfactorily with this finely divided goldenrod material using flat 
wire screen, and. gave a fairly good separation at a handling rate of 
approximately 550 pounds per hour« Dusting was reduced to a minimum by • 
means of cloth enclosures fitted closely around the purifier trays and 
other openings maintained imder a slight suction, the dust-laden air 
before final venting being delivered to an expansion chamber or aspira- 
tion box operating wiiäi a large cotton fan, all of which were integral 
parts of the purifier unit. The two collecting boxes for receiving the 
fractions ivere fitted with "breather" bags and the asöembly as a whole 
functioned satisfactorily as a closed system« 

The top and middle trays were equipped with frames fitted with U» S# 
standard 30 mesh bronze screens 18" wide by 72" long« The bottom tray • ' 
was blanked off with sheet metal and served merely as a conveyor to 
carry the "througb^^ material to the discharge funnel. In order to ob- 
tain a constant feed rate, an automatic ratchet type screw feeder was 
installed. For delivering material to both screens simultaneously, a 
two-way distributor chute equipped vdth an adjustable slide gate was 
mounted just beneath the feeder outlet. For obtaining equal loading of" 
each screen, the slide gate was adjusted to allow approximately 25;^ more 
material to the upper screen since the loy/er screen had the task of han-*! 
dling both the material fed to it and that passing through the upper 
screen. The material passing through and that rejected by the screens 
dropped into separate funnels and thence to respective collecting boxes 
below. 

It was f owid necessary to load the screens rather heavily not for in- 
creasing the rate of throughput, but in order to obtain .effective con*» 
centration of the fraction rich in rubber, and experimental runs were 
made over a wide rar^ge of feed rates to determine the optimum rate and 
corresponding feeder setting which gave the highest percentage of crude 
rubber in the enriched fraction, commensurate with a not too excessive , > 
loss of rejected product«  It will be noted in the following table 
that rim Noc 4;»with feeder setting of 15 and speed transmission control 
at 4^00, produced the fraction of highest (optimum) crude rubber content'* 
and the curves shovoi in Figure 2 indicate clearly the optimum feed rat^^ 
(550 pounds per hour) at which the rubber concentration approached and* 
passed a maximum point under the operating conditions maintained» 
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-ism FIG. I 
HAMMER  ARRANGEMENTS   FOR    GOLDENROD   EXPERIMENTS 
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îSpeed 
: Reduor. 

Run:Set*' 

2 
3 
4 
5 

3.50 
3.75 
4.00 
4.50 

¡Conveyor : Feed :Enrchd. Frac-: ' Rejected. 
I Control »Rate :  tion    : Fraction, 

Set»- ;Lbs./; (throughs)  ;inol»lo3se3 
ting  :Hour :#/Iîr. :  %  :   % 
—rr- 

15 
15 
15 
15 

304 
402 
546 
790 

^3 
158 
192 
226 
232 

52.0 
48,1 
41.5 
26.9 

44.0 
48,0 
51.9 
58.5 
73.1 

¡Crude kubber Content 

 % 
¡Orig.:Eäirchd;Rejected 
;Mtrl.:  Mtrl.: Mtrl. 

1,89: 
1,82:  2,43 
1,73: 
1.95: 

2.61 
2.97 

2.31:   2.85 

1,12 
1.19 
1,19 
1,76 

Accordingly, these optimum settings were used in concentrating about 
64,000 pounds of goldenrod material for pilot plant extraction. 

The following table gives a break domand analysis of total ground 
material processed through the 30 mesh screens. 

7, of Tot. 

Original material 
Ilaterial enriched (throughs) 
Material rejected (overs) 

ToT 
: Weight'.Total : Crude Rubber Content: Cr,Rubber 
: #  : Weight: Percent ! . Wt. # : Content 
:l'7â,0èë lÛÔ.Ôî  l.Ôë  ■ 
: 30,-as  42.1:  2.97 
: 42,183  57,9:  1.19 

¡  1422  • 
!  912 
¡   502 

!  64,5 
!  35,5 

Purification and concentration of the leaf fraction apparently in- 
creased the crude rubber content from 1«95J¿ contained in the original 
mixture, to 2.97^ in the enriched fraction, equivalent to an enrichment 
of approximately 52*5^» Of the total 72,926 pounds mî  goldenrod stock 
processed, 30,745 pounds of enriched naterial wete produced, representing 
42*1^ of the total weighty and containing 64#5?S of the rubber contained 
in the original raw material* 
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Till 83g?mXMgím5 OKÍCHEMICAt. TREAlMëm ÏS 
' 0OH»nJW0TÍoy yifH BXmACIÎON OR MOEÜOrTCAli SEPARATtOK 

Vetter Plgestl^on of &cldenrod Iiftfyes p3?lor to üxtractíon» A serios of 
03Cperlments were conducted oa dlgeôtlng goldenrod leaves with wateir alone 
at atmospheric pressure prior to thö usual acetone apd "benwl extractions« 
îhe purpose of these eagpeMments was to deteirtalne the effect on the yield 
and quality of the rtïher obtained from digested material as compared to 
that produced by the two-solvent laboratory, and pilot plant control ex- 
tractions on the same variety of leaves» I» addition experiments were 
carried out to explore the possibility of making a direct benisol extraction 
on both the unground and ground digested material without prior acetone 
extraction to remove the resinous impurItlee, Leaves gro\md to pass 
throu^ a 30 mesh screen and boiled from two to four hours In water• 
fllteredf wasljed, and drledt lose up to HO percent by weight of the water ' 
soluble constituents» It was.found to be necessary to extract with acetone 
after drying in order to remove water Insoluble non-ambber material« but 
the amount of this was reduced appreciably to approximately two«-*thirds of 
that obtained by acetone extraction without prior digestion^ and the 
acetone extraction can be shortened* Senaol extraction yields of Ä percent 
were obtainedi Which was more than 20 percent greater than the 6 percent 
yield from acetone-benaol extraction Of the controls as shown in îable I^ - 

In two laboratory experimentS| 12^ and 125i the leaves were boiled for 
2 hours in water, fllteredf washed,and dried. Dried leaves ground to pass 
th^otigh a 30 »ößh screen were used in experitóent 12H, vfelle unground dried 
leaves were tised for experiment 125^ After grinding the dried digested 
whole leaf materlalf benzol extraction was made directly for 2U hours In 
a soxhlet extractor without prior acetone extraction to remove resinous 
Impurities* 

Direct benzol extraetlon was also nade for the same tine on th# dried 
material of experlnent I2U ^siround to pass throu?^h a 30 nesh screen before 
water digestion» Acetone was used to precipitate the rubber from the 
benzol extract In each caaet howevort It'ira» necessary to centrifuge the ' 
precipitates In order to ö./?f^lonerate the rubber«« "Vater digestion of «whole 
leaf naterial gave a lower water 'soluble Value than on ground leaves and 
also a lower rubber yield as 0hown in Table I^ Purthermoret, the volcan- 
tzates gave lower tensile strength as shown in ïeble n#   " 

The solution method of pre compounding, in pot stills was employed on 
the benzol extracts from the" digested material a^d the contyols#; All 
chemicals were added In so lut loh except 5.5 parts iinc oxide'whl'oh was 
milled in after the procuring step» The rubber finally obtaifted in case 
of water digestion was found to be slow curing in culcanizatiicin» the 
highest tensile strength obtainable vith the material available from these 
experiments was lUOO poimds per square Inch after 60 minutes» compared 
to values up to 2000 pounds per square inch after JO  to 50 minutes curing 
for the control benzol extracts prepared by the usual acetone^ben^ol ex* 
traction procedure from the laboratory or pilot plant as reported in 
Table 11^ 

Saçperiments 7^ ^^à  36 tabulated in Tables Î and,,II correspond to 
Over 



VIII TABLE T, WATER pIGESTTOH MD COHTHOLS 

:                                EXTHACTIOK                                   ¡ AITALYTIOAL 
!                           RESULTS                  '      - 

^Xpm ;Vt.   of  ' 
'Charge < 
',    lbs. 

!    Extractloa ' rime        ! 
;                                       ; 

Extracts         : 
Acetone          ! 

Precipitation    ! lit. 
Í       ; Taiue -     . Ko. ¡Water 

Hours 
:Acetone< 
!•Hours ' 

: Benzol. 
; Hours î 

^Water:Acetone! ! Benzol rRubber. 'Sol'iible  Î 

Lalsoratory    ; 
IU2             ! 2.3U , 

:Con- 
itrol 1    2k 1    2k      ''. I~15.6   { [ e.k «   '. \          kM   ■ 

Laboratory    : 
139             ! 2.20 ■ ;    2 ',     2k      \ ',     2k      \ ,36.5 ' \ 10.66 ! \ 7,72 ; ; — ; -- ; Í     -     Kko 

Laboratory    : 
159            : 2.20  • !    U . ',      2k        ! !  2U   i U0.7 ¡ !    10.7      ! •    1.32' !          Xso 

Laboratory    ! 
12U            : 2.20 ! .    2 \    2k      i •HO.È ; '   13.71   ! . 6.20 i    7-51 •   '\    >»^    ;-'-;i 

Laboratory    ! 
,125            Î !     l.Ul i 1    2    : 2k      1 31.9 ! •    10.72   ! I kM :    6.32    i ■'   ■  "^    kik2    ^'   - " 

Pil«t Plant : 
7^           • 77.g   ! 

Con- ! 
.trol ! ^g      i ,     26      i .  15.2    i 6„2 ;,.-. 1          ,,  ,^ ^ ,, !                   >30 

Pilot Plant : 
86           : SH.3   : 

Con- ! 
trol ! ?■?      = 26     : •.•^«^' ; ' iG.k   1 Í     7.06 ¡ ;  ;  :      :              k.^0   , 
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VULOAHIZATION, AND TESTING 

COMPOÜNDIIK} jommtk 

Sulfur 
îhiotax 
Plectol-^H 
Zinc stéarate 
Zinc joxiàe 

lOO^O parts 
3«5 pa^^ts 
1#0 part 
X.O part 
5*5 parts 
5#5 parts 

VULOANIZATIOH AND TESTING DATA 

 t  Vulc. Time .  : '^ensile strength 
Zx0. No> :Mins. at 260 F    i V.B.i^ 

:      Ultimate Elong« 

iaboratory     : 
ikZ (control) 

laboratory 

laboratory 
159 

laboratory 
IgU 

laboratory 

Pilot Plant 
7U (control) 

Pilot Plant 
86 (contirol) 

Ä 
60 
go 

60 
JO. 

_50 

30 (1) 
50 (2) 

JO. 

1900 

' lUOO 

1190 
12U0 

920 

1060 

2060 
MIL 

am. 

710 

goo 
J50. 

700 
700 

JSO. 

JEi 

775 
77f?., 

J50. 
il) Straight benzene extract*^ 
2) Acetone precipitated rubber* 



pilot plant runs 3 ^^^^ ^ listed in the tabulation of the single cell 
pilot plant extractions (see Secfrloíí !!)• Water digestion of leaves, 
followed "by the acetone^ben^ol extrae tiens i gives a hl^er rubber yield 
but lower tensile strength when compared to rubher obtained by the usual 
solvent extraction procedure* 

In case of direct benzol extraction on the dried digested leaves it is 
apparently necessary to centrifuge the resin-jrubber mixture after the 
addition of acetone to agglomerate the rubber or add a small amount of 
some coagulent, such as KSCSi to coagulate the rubber» The rubber obta5ned 
from the single solvent extraction procédure was observed to be slow 
curing in vulcanizatio?!', the highest ttenäile strength was IO6O' pounds 
per squs.re inch after 50 minutes curing as reported in Table II• Rubber 
obtained on this scale showed little promise of development to produce 
feable rubber from w^ter digested goldenrod leaves» 

Alkali and Acid ri/yestion pf Tray Dr i qd Leaves Prior to Extraction^ 
Digeöting of goxcienroi leaves in an alkali meaium followed l3y an acid 
medi/am v;as investigàted as a means of improving' the solvent extraction pro»-- 
èssv first, by reducing the .bulk of the material thus increasing up to 
four fold the capacity of the extraction equipment, and second, oy re- 
moving about two-thirds of the acetone, soluble constituents thereby facil*, 
itat^ng complete extraction of both resins and rubber from the concentrated 
residuoc. The bulk of the leaves was reduced and the rubber concentrated 
in the residue by digesting and removal of 75 percent of thé non-rubber 
constituents present in the leaves according to the following proçedtireî 

(1) Two hour digestion in 2^ HaOH at lOO^C. followed by 
three washes with boiling water* 

C2) One-half hour digestion In 3^ HgSOi^ at 100^0. followed 
by three washes with boiling water» "' v 

(3) Residue air dried» 

Washing procedure for the digested material from experiments 3» 6, lU, 
17, and 23 was carried out on a vibrating screen while the remaining samples 
were washed on a stationary screen* 

The air dried, residues were extracted in laboratory Soxhlet extractors 
with acetone for- 2k hours and then with bensiol for 2U hours* Peiriodic 
weighing of the extracts showed that practically complete removal of 
resins and rubber was attained in four to six hours. The rubber (benzol 
extract) -obtained from the concentrated residue which consisted of onlisr 
13*9 to 2U0S percent of the priginal x-zeight of dry^ leaves showed a yield 
comparable to the control as[ calculated back to the original weight of 
the leaves, and four to six "times as much \Aien based'(iiï the digeste^' 
weight* See Table III* The', rubber yields for experiments 3, 6, lU^ 17, 
and 23 were somewhat lower due to some material being washed through the 
vibrating-screen during the washing process. In some cases the rubber 
recovery was higher than tha|î obtained in the control. This is a desirab 
result which can be attributed to the breakdown of, cell structure tljus 
permitting better contact of'benzol and rubber; The total acetone solubles 
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m TAscí! 11% Aiam.1 'jm^ kcxD^pßtepm im^"^ .> 

J_L_-!l±I_ 

:    OOHTROLS DIO-BSISD IiEA-TOS 

Bxp»^ :      Extract       t 
ÎIo#" :AcetonetBettzoli 

Loss in 
Wt. by   . 
Digestion 

Digesteä Basis Original Basis 
Acetone* Benzol i Acetone : Bens^pl ^ 

I 
12 
17 
20 

II 
29 
32 
55 
3« 

16.U 
19.2 
9.9 

16.1 
15.^ 
17.3 
15.0 
17.2 
16« g : 
15-7 Î 
20.9 ! 
15.9 » 

1^3 ' S5.0 î    18,8 
6.7 Î 85.9 :    19.0 
2.7 Î 82.0 ^:   13.2 
7.0 Î 7S.7 :    17.7 
7.0 : S6.1 î    20.0 
6,U I 79.5 î    2U.Í+ 
7.9 î gU.2 î    21.9 
7cO s 75.2 . ;   20.1 
7.9 î 76.1   , :    22.6 
7.3 ' 75.6 .  î    21.6 
7. S î 78.9 î    22.1 
1.^'" 78.8 :    23.0 

2UiU : 
19.3 î 
•5»9': 
2U.9 J 
23.3 î 

..•^5.5..? 
20a 9 i 
30.5 
32.6 
31.7 
29.3 
35.8 

2«$1 
2*67 
eos 
3«92 
2.80 
5oOO 
3-; 50 
5,10 
5.U0 

:t72 
" 1.06 
.5.53 
3.20 

, 5.^20 
'3,-30 
7:50 
7. so 
7-75, 

7oô. 

• Local leaves harvested near laboratory used. 

,,' •■ ._ /,-,. 



VTII - p* 6 

in the digested material were reduced to one-third or less as Calculated 
on the original l3asle* It Is believed that this decreased resin content 
aids in the decrease of time required for extraction and also aids In 
o'btalnlng a more complete "bensjol extraction* 

Vulcanizates of the dialed ruhiger ("benzol extracts) were prepared after 
mining in the required chemicals as listed in Table Î7.    All chem5cals 
were added on the mill since the solution method of pre-compoundjng was 
not known at the. t-lme. Milling proyçd difficult due to the sticky nature 
of the unprecured iñihher» In ralcajaizatioti the compounded stock was slow 
curing requiring 60 minutes to obtain satisfactory cupes* ÎPor these early 
experiments, a laboratory iûade tönsiletester >^s devised and used to ob- 
tain the tensile strengths of the prepared vulcanizates. The tenslles 
ranged from 800 to I35O p«s#l« with« the exception of experiments3 arid 20 
which were extremely low $,s shown in Table ÏVé ,   -* ' 

" ,     •    ' . ^   ■■     *      -'■ '• 

Alkali and/or Acid Digestion of tie^ves Followed by Either Ball Milling 
or Solvent Extraetlon» A,series of experimenta were carried oait using ^^ 
alkalies and acids in various combinations in an attempt to mal^e the rubber 
more easily separable from the resins and fibrous material« The, var.lous 
treatments are shown under "preliminary treatment^ in Tables TL  and -Til» 
These tables show that an acid digestion causes about 50^ reduction in 
weight and an alkali or alkali followed by an acid digestion causes a loos 
of about 75 percent in wel^t# Digestion of the leaves in boiling water : 
as discussed above causes reduction In weight of 35 to UÔ percent»..XSee  
Table V)» This is significant when the output of any given extraction 
unit can be doubled or quadrupled by digesting the leaves before ex-» ^ 
traction* 

The digestions were carried out using a ratio of 2/3 litej^s of 2 ^ 
RaOH or 3 ^ HgSOij^ solution per 100 grams of leaves^ After the digestion 
the liquid was drained or screened and the leaves were washed with three 
portions of water each equal to the original volume of acid or alkali UJàed# 
Following digestion and washing of the leaves, the rubber was separated 
from the fiber and resin either by ball milling or solvent extraction« The 
analysis forresin and rubber Is the percent acetone extract and percent 
benzol extract respectively on the original leaves» In figuring the per- 
cent extracted, the analytical data is assumed to be 100 percent* 

Ball milling of digested leaves was conducted In ball mjlls of one 
quart to three gallons capacity with proportionate amounts of small pebbles# 
A ratio of 100 grams of original leaves, to 675 grams of half inch pebbles 
and U50 cc. of water was used* The ball milling time varied from 18 to 
lUO hours In order to effect a separation of the rubber from the fibrous 
material, (see Table H).      Samples 6 and 7 (Table VI) were dried and ex- 
tracted with acetone before ball milling in order to eliminate the resin 
from the ball milled product» By digesting the leaves in 2 ^ NaOH ^t 
lOO^C* for one hour, washing,and then digesting In 3 jí EgSOl^ at 100 0» for 
1/2 hour, washing,and ball milling, it was found that the rubber could 
be separated within 18 to 2U hours as shown In Table VI,sajnples 5 an* 7^ 
In all cases the separated rubber appeared to contain large amounts of 
fiber and resin which is verified by the high percentage extraction and by 
an analytical separation which gave 36»2 percent benzol soluble (rubber)« 
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7111 ÎÂBliE IV,ALKALI AïfD ACID DIOESTÎOH-OOMPODHDIMÎ, 
VÜLCMIZA.TIOH mi TBSTTSO 

coinpoimim K)RMOLA 

Eubter 
Amerite 
Captax 
Zltie oxide ' 
Stearlc acid' 
Sulfur 

100«0 parts 
1.0 part 
1,0 part 
6,0 parts 
5,0 parts 
3,5 parts 

lESTS ON VÜLCANIZATBS» 

Exp, Ko, Tensile strength tJltlnate Elongation 

Ik 
la 
17 
so 
23 
Zb 
29 
32 
35 
38 

287 
913 
820 

' 1175 

VS 
'858 

'.1260 
. 1050 

1350 
1270 
lObO 

325 
625 
625 
700 
575 
350 
575 
750 
625 
675 
800 
625 

• All vulcanizations 60 Inlns. at 260 P, 

Vin TABIíB Vt 

Vt. of 
Tfctreated 
Leaves 

Oms, 

100 
100 
100 
100 

100 

ISMJE^Wi 

aoaeaBaeaamiiiiii 11 ii, iii.HiiiiiuyMim 
Original U/l6") 
Water Cooked  ^ 
3 ^ H2S0l^ Cooked 
2 ^ KaOH Cooked.. 

"2 î&raOH plus 
3 55 HgSOi^ Cooked« 

TREATED EEA^^S 
Í Wei^t Î 
: * (Jms. I 
: :Acetone 

EXtRACT 

! 100 
: . 60 
t 50 
:■ •   25 

;   25 

17 

26 
20 

20 

Benzçl 

7 
11 
15 
35»5 

35.5 

Over 



7III  TABIE  VI 

pie 

Analysis : 
Original Leaves; PEELB 

Re s în 

Acetone 
Extract 

1    : lga5 

2 IS. 1,5 

3- !-. 18.15 

■h ■ ; lg.i§ 

5   . !.: 21.-3 

'6- 

7. :. 21,i: 

Rubter    : Alkali Digestion 
j¡ : followed "by 3 water 

Benzol : washes 
Extract: 

2.95 : 
:(2ncl) Part 1 1^^ 
jKH^^OH 100°C 1/2 Hr, 

:(2nd) Part 3 1^ 
ipil^OH 2rC. 1/2 Hr. 
;(lst)  2fo KaOH 100°C 

2,95  * ' 2hrs", 
;;(lst)  2$ îifaOH at 

2.-95   :)0# steam for 1 hr. 

•(1st) 25^1iaOH 100°C 
2.95  • ' 3 ill's. 

'.■(1st)  2^iiaOH 100° 
U.91  .*G    1 hr. 

■^•^9I':i .   . 0 
■■■ :(lst)  2^%0H 100 

. U',91 :?.      Ihr." 

TîljffîY THEATMBNO? 
Acid Digestion        î 

followed "by 3 \\ratert 
washes î 

Other 

(1st) P^rts 1,  2 & : 
3 3^ H2SO4 100°C      : 

2 hrs. : 

K2nd). prrt 2 
lair dried and 
:ground to UO 
:        mp. sh 

(2nd)  -bio HjSOj^ 100^ = 
c i/2 Hr. ^;; 

(2nd)   3f^ ^2^% ^^^ '■ 
C 1/2 hr. :• 

(2nd)  Ho HpSOi^ loo«- 
C 1/2 hr. ; 

<2nd)  35S ^SOi^ 100°; 
C.  1/2 hr. 

(1st)  3/^ HgSOi^ 100°;• 
C.    3 hrs, QJ' 

(2nd)  3^H2S0i^ 100 : 
C,      3 hrs. , :; 

Loss 
in 
¥t. 

50 

Hours 
Time 

UO 

ll«) 

65+ 

66 

72 

gg 

IS to 

US 

2I+ 

BALL MTLL      1 
i) Extracted     « 

Yield 

1.0 

0.0 

6.9 

7.6 

10.2 

U.9 
6.1 
to 

lU..g 

5.¿ 

5.5 

(from ^ Rubher 
in original        "* 

leaves) 

33.9 

0,0 

23U.O 

25g,0 

3U6.O 

166.0 

12U,0 to 
302.0 

lOU.O 

112.0 
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3^*9 percent acetone salutjle (resin) and 2g.9 percent acetone and 
benzol însoluable (fiber). Vulcanîzates prepared from these samples were 
hard and inelastic^ Physical tests were not obtained due to lack of 
proper equipment. 

Por one experiment the progress of the ball mill extraction was followed 
by periodically withdrawing samples and observing them under the micro- 
scope. Due to the length of time required for ball milling operation and 
the poor quality of rubber obtained these experiments were discontinued. 

Solvent extraction of chemically treated leaves was conducted after 
digesting with 2 ^ NaOH, 3 ^ HgSOj^ or a combination of the base and acid 
with Various conditions. The leaves were then dried and extracted with 
acetone ^nà. benzoli using 100 gram samples in a Soxhlet type extractor 
and extracting for 2U ho\ars with each solvent. 

The digestion caused weight losses varying from 50 ^ to 80 ^ resulting 
in greatly increased yields from a given size extractor. Tables VII and' 
VIII show the preliminary treatment given the leaves, the percent loss in 
weight effected by the treatment^ and the percent yield which is actually 
the grams extracted from 100 grams of treated leaves. In all cases the 
treatmei^t facilitated the-extraction of rubber* The yields obtained were 
higher than the untreated leaves as shown by analytical data in TablesVIÎ 
and vni. Microscopic examinations indicated more complete extraction on 
the treated than on the uatreated leaves. 

The rate of extraction of the treated leaves waô al.sp, accelerated as 
discussed more fully in Section II on rate studies (S.^e rates of extraction 
of treated goldenrod leaves and Section II Pigs. U, 5f 6, and 7)« 

The above work was done before solution compoundiJiè or tensile testing 
was available, therefore data on physical properties were not obtained on 
the few vtjlcanizates prepared. These experiments were discontinued be-» 
cause of prohibitive cost of chemicals for treatment, and the necessity of 
alkali and acid resistant equipment which would not be available under 
war conditions. 

Alkaline Ball Milling of Leaves. Subber was obtained from goldenrod 
material by ball-milling with dilute sod^'um hydroxide, followed by,neutral- 
ization, additional ball-millingiiand separation of the "wormed*^ rubber by 
screening. A description of two eacperiments folXowsj * 

Rubbe'r ^as obtained from 800 g. goldenrod leaves by'ball-milling with 
S kgi stones and U 1. N/l HaOH for 1+7 hours,, neutralizing with HgSOl^, and 
ball-milling for an additional g hours. Tlie yield was 7.2, percent on 
leaves assaying l+.l percent rubber. The product contained. 3O percent 
ace tone-extract able material and 65 percent benzol^^-extractable material 
(njibber). The yield of actual rubber was therefore Kj percent. Titra* 
tlon value by the Physical Chemistry Section was U.UO, indicating little *' 
oxidation. This rubber may be of interest'because it has not been touched 
by organic solvents* The vulcanízate by the standard formula was poor; 
its tensile strength was U30 p.Sfi. ;and,elongation was 7I5 percent. 

' -Over   ;, ■ .. ' . y 
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Haw goldenrodt 600 grantSt was milled for 1* l/2 hours,, .nslag 5 liters of 
I*OèS« KaOH olid 12 kilos of stones« Heutralîzatlon'by the addition of 25O 
mit of 12 ÎSf HgSOj,, followed« A small amount, 1 gmV, of cetyl alcohol was 
added to keep foaming do^^da» Then the liquor was subjected to 20 hours of 
neutral milling* The "balling.of the ruhher, after this treatment, was very- 
sat i sfac tory* 

Although a good yield of 73#8 g^ was obtained, this rubber was of a very 
poor grade« The resin consent:was approximately 23 percent arid fiber and 
other acetone and benzene insolubles amounted to about JL percent« The 
rubber was purified by solution in Skeilysolve B, céntrifugation, saponi- 
fication with aqueous sodium byhydroxldeand washing with water« After this 
purification, the mibber contained I7 percent acetone soluble material and 
gl percent,benzene soluble material« A vulcanízate on the purified rubber 
by the standard forxmila had a tensile strength of 1U2O p«s«i# and an   ' . 
elongation of 675 percent« Values with dlphenyl guanidine were IU20 p«Sfl# 
and 600 percent« ^  ^  . 

Conclusions of Beeperiments-on Ohem-^cal Treatments in Oon,1unction with 
Extraction or Mechañicaí Separation« 

1« Benzol extraction of water digested goldenrodtleaves gave slightly 
hi^er yields of rubber than the untreated controls, however^ tfae 
yulcanizates were slow in curing and the tensile strength values 
obtained were somewhat lower«' 

2« Alkali and acid digested leaves Can.be almost completely exttócted 
In four to six houfs« íThe benzol extract varied from 10^3 to 35»8 
percent on the digested basis as dbmpared to'2«95 t^o 7«9 percent 
for the controls and in most instances the total rubber yield on the 
original basis was as high- oí higher than the controls« 

3« Digestion of goldenrod leaves has decreased the bulk of material 
to be extracted as follows: • « '        : 

,' ' ■   ■'    , » 

Water digestion    35 to UO percent 
Acid digestion $0 percent 
Alkali dlge'stlon       75 percent 
Alkali awi acid    75 to SÇ percent 

U» Rubber obtained by aqueous ball milling was contaminated with resins 
and fibrous material and the vulcanizates obtained from these sam- 
ples were hard and inelastic« 

5« Rubber produced by the alkaline ball milling procedure when pur- 
ified by solution in Skellysolve B, centrlfugation,'saponification 
with aqueous soditmi hydroxide, and washing with water^ gave a 
vulcanízate of IU20 p«s«l« tensile strength and an elongation of 
675 percent as compared to U30 p«ô«i« and elongation of 715- pe^r- 
cent for the unpurified sample« 



VIII TABLE VII 

Sample 

3 

h 

5 

6 

T 

S 

9 

10 

Resin 
Acetone 
Extract 

Analysis of 
Original Leaves 

1S.15 

18.15 

21.3 

21.3 

21.3 

21.3 

21.3 

21.3 

21.3 

21,3 

Rubber 
Benzol 
Extract 

2.95 

2.95 

U.91 

Í+.91 

U.91 

K31 

U.91 

U.91 

U.91 

H»9l 

PHEL TMTÏÏARY TBBATi»PNT 

Alkali Digestion 
followed by 3 water 

wa she s  
(1st)  2^ NaOH 100°C 

3 hrs. 

(1st)  2/. NaOH 100°C 
1 l/2 hrs. 

(1st)  2^ NaOH 100°C 
3 hrs. 

(1st)  2^ NaOH 100 C 

(1st)  2^ ^aOH lOO^'C 
3 hrs. 

(1st) 2^ NaOH 100°C 
3 ^^s 

Acid Digestion 
followed "by 3 water 

washes  
Other 

(2nd)   3^ HoSOj, 100 C 
l/2^hr: 

(2nd)  3^ HpSOj^ 100^0 
1 1/2 hrs. 

(1st)  3^ H¿S0j^-100°C 
3 hrs. 

(2nd)  yf HgSOi^ lOO^C 
3 hrs. Q 

(2nd)  3^H2?°i, 100 Ç 
1 hr. 

(2nd)  3^H2S0j^  100°C 
1 hr. o 

(1st)  3^H2S0U100C 
3 iirs. 0 

(1st)  3/^ HgSO^ 100 0 
3 hrs. o 

(Isl)  3^ HgSOi^ 100 0 
3 hrs. 

Loss in 

Weight 

Air dried and 
ground to 32 mesh': 82,3 

=> 

Oven dry at bO C : 
6 hrs. Air dried  ! 

Mk hrs.    : iKO 

Dried at 60^C air   : 
dried UU honors \ 73»2 
Bried 3 hr[s.  at      :- 
g5^C .àîidriedSH hr;: 50*0 

7S.6 

7g*6 

Ug 

Ungroun(i 

Ungro-und 

I 

H« 
M 

I 
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VIIÎ TABIJÍ Tin 

I 
Sample : soLVMi 'sxm.onm 

tleld Î ^leld Orîgînal;Rubber     : 
tAJT Sry Basis       :E3¿tracted 

Acetone   Benzol : Acetone     BenzolJ 

Eeoarks 

1 

2 

3 

5 

7 

S 

11.6 

51.7 

19.3 

33.3 

28.6 

16.9H 

12,61 

2g.U 

lU 

2U.7 

lU.6      33.$ 

53«S 

Vulcanized to fairly 
1.87 2,9s 100.6     good sample 

g.25 3.27 110.8 No vulcanízate 

5.2 7.58 153.5 No vulcanízate 

16.7 * 6.25 127.0 Ho vulcanízate 

6.^5 5.58 113.5 H'o vulcanízate 

3*1^   7.25 

32.7   12.8    17.1 

9    33.8  10.3   17.6 

Alcohol Alcohol 
10 36.2      12.7       IS.9 

Extracted with 
lUS.O     TDe::.zol and precipitated 

with acetone 

11,6 Benzol extract only 

6.7 136.5 
Yulcanized to a soft 
strocjiy sheet (Large 
Extractor) 

5.^ 110.0 Small Extractor 

6.6 l3'+.5 
,    ..-..  . 



IX RETTING OF GOLDEMRCD 

Microbial Disintegration Preliminary to Solvent Extraction» 

Introduction^ Investigations were conducted to determine the feasibility 
of utilizing microbial activity or »»retting" for the purpose of obtaining 
goldenrod leaves in such a physical and chemical state as to facilitate the 
extraction of rubber. In the extraction process it appeared advantageous to 
reduce the bulk of the goldenrod to be extracted, to break do^m the cell 
structurt- so as to permit easier and more complete removal of resins and re- 
covery of rubber, and to eliminate some of the extraneous substances present 
in the goldenrod. These requirements indicated that some form of controlled 
microbiological decomposition such as occurs in advanced stages of retting, 
which would wholly or partially solubilize or disperse sugars, pectins, pro- 
teins, hemi-celluloses, celluloses and other plant constituents without de- 
teriorating the rubber, would be desirable. 

Retting is the steeping of plant material and is usually divided into 
three distinct stages. The first stage may be considered as physical in 
which the material is submerged in water causing svielling, elimination of 
air^ and solution of v/ater soluble substances. The second stage consists of 
two steps: (1) the microorganisms act on the extracted soluble^ creating 
anaerobic conditionsj (2) the anaerobic condition favors the biological 
breakdô\7n of the non-solubilized plant constituents. In the third stage, the 
retted tissues are washed free of decomposed substances and dried. 

The original investigations were made with goldenrod leaves on small 
laboratory scale. The results of these studies warranted larger laboratory 
experiments leading to development of this step on a pilot plant scale. 

PREimiMRY UBQRATORY EXPERIMENTS 

The first experiments were conducted on leaves in beakers to which solu- 
tions containing various salts were added in order to determine if the 
microorganisms indigenous on the leaves would serve as a natural inoculum. 
This was found to be unsatisfactory possibly due to the fact that only dry 
leaves v/ere available. Since the desired flora was not present on the 
leaves, the possibility of obtaining an inoculimi that would be readily 
available and easily handled ?/as investigated. Retting of plant material is 
generally accomplished by submergence in stagnant waters, therefore local 
swamp waters were tried. Several experiments using swamp waters were con- 
ducted in jars, containing one-quarter pound of leaves. Some of the var- 
iations included temperature, aeration, the use of chopped and unchopped 
leaves as well as acid and alkali pre-cooked leaves. Swamp \7ater was found 
unsuitable as an inoculum. 

digested sludge from a local sev/age plant was then tried in combination 
with swamp water with the results sununarized in Table I. Good digestion is 
obtained only if the acid liquor is drained after three days, otherwise the 
leaves will remain in a pickled condition. Better decomposition of leaves 
was also noted v/hen the leaves were kept moist with inoculum. Additional 

over 



experiments indicated that digested sludge could serve satisfactorily as a 
source of inoculum« 

TABLE I 
ACTION OF CQMpiNED SMMP likTER Alg) DIGESTED SLUDGE UPON GOLDEMROD I£/iVES 
UNDER VliMim COITOITIONS AT 30^0,  ( ONE PCmmLEilVES IN 10 GAULOtrCROCKj 

Treatment 
Leaves submerged, no withdrawal  : 
of liquor,no aeration j 

:Duration: 
:of Test :Lov/est 
:  (Days)  ;    pH 

Î   4.4 

Leaves submerged, solution 
aerated, liquor not changed 

: 4*5 

Leaves submerged for three days 
without aeration. Liquor drawn 
off. Moist leaves mixed once a 
day for four days t 

7   i    5.5 

 i, 

Observations 
High acidity produced 
tending to pickle the 
leaves* Leaves crisp 
and firm to toucl;i» 
Leaves preserved^ 
Retting prohibited due 
to high acidity^, 
Leaves not pickled* 
Leaves in advanced state 
of decomposition* 

Leaves submerged for three days : 
Viith periodic aeration. Liquor : 
removed. Moist leaves mixed once x 
a  day for four days. 

t 5.4 
X 

Leaves in fair state of 
decomposition. 

Leaves not submerged but moisten- s 
ed by sprinkling at daily inter- î 
vals to maintain moist conditions*: 
Leaves undisturbed^ : 

7   X    5.6 Loaves in advanced 
state of decomposition. 

Leaves not submerged but moisten- x 
ed by sprinkling at daily inter- î 
y§ls to maintain moist conditions^: 

Î 5.8 Leaves in advanced 
state of decomposition*' 

M>  T 

A series of experiments with digested sludge as the inoculum were conduct- 
ed on green, undried goldenrod leaves. In order to obtain sufficient rubber 
for testing purposes, five pound batches of leaves v/ere used* Pertinent' 
data and details of the variables involved are given in Table II. .Inoculum 
prepared by diluting one part of digested sludge to 20 parts water supplies 
a desirable popalation of nlcroflora* Maximum acidity is reached in three 
days inhibiting further decomposition unless-the acid liquor is withdrawn* 
The use of a nutrient vâth the inoculum is not essential. Daily sprinkling 
with the inoculum favored decomposition. Upon completion of each oxpeiri- 
ment the retted leaves were washed with tap water, dried at 60^ 0* and ana*» 
lyzed for bone dry weight, percent acetone solubles, percent benzol splubles 
and tensile strength of the rubber extracted Çbenzol solubles). The 
reduction in weight of the dry material varied from 27 to 43*7 percent* 



IX t/iBLS II 
RETTING OF FIVE FOUIÍD BiiTCHES OF GRE13J LE/.VES  (3.175 LBS. BOME DRY WT.) 

USIHG DIGESTED SLUDGE AS THE INOCULUM AT 30^ C> 

Exp. Treatment Dura- :LoT/- ; 
tion :ost : 
of : pH 

Test : 
(Days): 

: 

Observations : Digest-* :Loss 
: ed   : in 
t  Leaf  t ïït. 
: Bone 
Î Dry  : 
jWt.Lbs. 

% 

I  Leaves submerged in diluted sludge viater 
three days, drained and then sprinkled daily 
with digested sludge vmter. 

Î 5.7 

Leaves submerged in diluted sludge water and 
left in this anaerobic state for throe days. 
Water withdrawn and leaves sprinkled daily 
with sludge» foll^wé^ by water sprinkling♦ 

8 

Active fermentation for : 
first three days. Leaves: 
progressively decomposed : 
during aerobic sprinkling: 
period«. Leaves easily : 
torn by handling. 

2.31 

5.5 

ilnaerobic three*days. V/ater wlthdravm. 
Leaves moistened with digested sludge and 
water» Thereafter leaves moistened by 
intermittent recirculation of same liquor 

Pronounced'fermentation.. 
Leaves sticky and in 
state of good decomposi- 
tion,     m - ^ 

ñ 

Anaerobic three daysi Aerobic stage main- 
tained by sprinkling with digested sludge 
fortified with NH^NO^iS gms?)^ and KH2P04 
(5 gms. pep 1,) ^  

11 

: Active fermentation for 
5#2: throe days. Decomposi- 

: tion of leaves not 
: severe. Some tendency 
of leaves ta pickled 

: Anaerobic fermentation 
5»9: active. Leaves in good 

: state of decomposition. 

(Table continued) 

1.79 

2.13 

1.78 

27.0 

43.6 

32.7 

43.7 

I 



12 TABLE II-con»t, 
RETTIIJG OF FIVE POÜHD Bi^TCHES OF GREEÎJ LE/.VES  (3.175 LB3. BONE DRY Ï/T.) 

' ÜSDÍG DIGESTED SLUDGE AS THlflNOCULmi AT 30° C. 

I 

E2Cp,î \                              . Treatment               î 1 Dura-' 
; tion ' 
I    of < 
I Test ^ 
i{Days) 

îLow- 
îest^ ^ 
5 pH { 
1          4 
1 

î 

î    Observations      îDigest- :Loss 

i                 •--...     : ed   : in 
\                                                : Leaf ^ rïït» 
î       _            ': Bone  t %: 
i                   "            : Dry  î 
î                     îWt^Lbs. î : 

5 Î Anaerobic three days. Liquor t/ithdravn.   î 

\  Aerobic stage sprinkled daily with sludge  î 

Í solution*                           î 

î 11 î i %5t  Anaerobic fermentation  î 
\        : normal* Aerobic broak- 
Í   ; down slow but leaves    î 
t   î finally sticky and show î 
î   : decomposition»        î 

i    2^2  î30.7 
r      5 
*                • 

6 1 I Leaves not submerged (no anaerobic stage)»  î 
j Leaves rxiaintained in moist condition by    t 
Í daily sprinkling with digested sludge     j 
Ï  inociJLum.                           î 

Í 11 î I 5#6: Progressive digestion of î 

r   t leaves♦               î 
\         t 

Í 1^82 U2.6 

: 



IX-p.5 

Data on laboratory extractions of the above retted material for rubber- 
and resins and the corresponding vulcanizates are summarized in Table III. 
Acetone extracts (chiefly resins) varied from 11.8 to 17.0 percent as com- 
pared to approximately 16 percent for xinretted goldenrod leaves. The yields 
of benzol extract (rubber) were normal for the first^ third, and fourth exper- 
iments and above normal for the other three. 

IX TABLE III 
YIELDS Al-m TESTS OF EXTRACTIVES OF RETTED GOLDEimOD LEAVES 

■ - 

Extraction , : Testing 

Exp. 
:30 mesh! 
:Leaves ! 
: Anal, s 
: ems 

t Acetone 
1 Extract 
!   gms 

• • 

: 

t 

Acetone î 
Extract : 

%           : 

, Benzol  ! 
, Eixtract 

gms   ! 
î 

î  Benzol 
1 Extract 

.% 

:   j Ult. 
: TS sElông. 
:psi.: % 

1 
: 2 

3 
4 
5 
6 

: 871.0 
» 785.5 
5 929.8 
: 759.6 
:1028.1 
: 824.2 ! 

s  121.8 
!   87.1 
Î  132.2 
!  106.0 
:  106.4 
!   70.0 

: 

t 
• 
• • 
• • 
• • 

16.3 ! 
17.0   ! 
16.6   ! 
15.4 ! 
11.8    ! 
12.5 

I  45.5 
1  40.6  ' 
Í  46.0 
î  41.4 
!   74,2  ! 
'       ?0.8 , 

i       6.07 
!   7.92 
!.   5.80 
!   6.00 
!   8.2 
',      ,6.9 

:1557: 650 
îl337: 600 
:l635î 675 
î 965: 625 
: 987: 617 
: 860: 662 

"TheLtensile strength of the compounded rubber from the benzol extracts 
averaged about 30 percent higher for the first three experiments than for 
the last three^ Little difference was noted in the ultimate elongation* 

An examination of the data presented in Tables II and III indicated that 
the best procedure for retting of goldenrod leaves is as follows: submerge 
leaves in dilute sludge inoculum for three days, drain spent liquor,'mois- 
ten daily with dilute sludge inoculum followed by mixing, and ret for total 
of 7 to 11 days. 

Large Scale Laboratory Experiments. The feasibility of retting goldenrod 
leaves as a possible adjunct in the extraction of rubber was indicated in 
the preliminary experiments. In order to determine if retting would proceed 
in a similar manner on a larger scale, experiments v/ere conducted in wooden 
barrels on ten-pound batches of dried leaves. Leaves were submerged for 
three days,drained, left unsubmerged^and retted for a total of 7, 11, and 
21 days. Another series of leaves were not submerged, but kept moist dur- 
ing the retting period. A second experiment was Conducted to determine 
more accurately the number of days necessary for satisfactory retting* Fur-» 
ther experiments v/ere made varying the concentrations of the sludge inocua 
lum. Additional experiments \7ere conducted with the whole goldenrod plant 
cut into pieces averaging two inches in length* 

Approximately 150 pounds of dried goldenrod leaves were thoroughly mix- 
ed and then divided into ten pound samples. A sample was put into each of 
six barrels, covered with vjater until the barrel v;as half full (about 20 
gallons), and allowed to remain overnight. The following day three gallons 
of digested sludge was added to each barrel and mixed. For the aerobic 

over 



digestion experiment the liquid o^f three barrels was drained after one-^half ' ' 
hour contact with the leaws^ Daily thereafter the leaves were wetted with ; ' 
four to five gallons of inoculum prepared by mixing one part sludge^ with five 
parts water* After one--half hour the excess liquor was drained• For the; 
anaerobic-aerobic experiment the leaves were left submerged for three days 
before the initial draining. Thereafter, the treatment was the same as for 
the aerobic experiment. Duplicate runs v/ere made in the same, barrels. 

At the end of 7, 11, and 21 days, the contents of one barrel of each of 
the aerobic and anaerobic-aerobic series were removed and washed. In-order   
to rid the rotted leaveô of the sludge accumulated by repeated inoculationsf : 
washing of the leaves was necessary♦ After trying several methods'of^washing' 
with screens of various meshes a canibination of 16 and 120 mesh screens used ' 
simultaneously proved satisfactory. The leaves were washed until little or 
no color was observed in the wash wateré The washed leaves were alloVied to ■ 
drain in a cloth bag and squeezed by hand to remove as much water as posSi- [ 
ble. The retted material was then dried in a forced draft oven at lAQP F.  ' 
for the first foiar hours and at 120^ F* for the remainder of the drying per- 
iod. Data pertaining to retting^ extraction, and testing of rubber for the / 
anaerobic-aerobic method of retting are-summarised in Table IV and for the 
aerobic method in Table V. -^ .  '   

It appears from these data that retting offers the following advantages: 
it reduces the bulk of the material handled, decreases the time required for 
both resin and rubber extraction, favors more complete extraction of rubber, 
and generally reduces the resin content of the rubber extract. The bulk of 
the material was reduced by 51*5 to 73 percent for the aerobic retting and 
A8#5 to 70*8 percent for the anaerobic-aerobic retting. These figures may 
be slightly higher than the actual reduction due to some leaves being lost 
during the washing process. Rubber yields (benzol extract) for the 7 and . 
11 day rets vjere higher for the ground retted material than for the control, 
although the unground retted leaves showed yields comparable to the ground 
control sample. The 21 day period of retting had an adverse effect on the ■- 
rubber yield possibly due to the loss of leaf fragments during the washing • 
of the extensively disintegrated leaves. Extraction efficiency on retted 
material was 95 to 100 percent of the available rubber based on the finely 
ground unretted leaf material which analyzed 5#A6 percent rubber. The neces- 
sity of grinding retted leaves decreased \7ith the increase in disintegration 
of leaves *^by retting as shovm by the percent benzol extract. Retting decreas- 
ed by more than one-half the amount of resins present in the leaves before 
benzol èxti'action, therefore making possible the almost complete removal of 
excess resins by acetone thus yielding a i»ubber of higher purity and qual- ; 
ity. Microscopical examination of the extracted leaves indicated that in 
general long retting periods and grinding before extraction favor the more- 
complete extraction of rubber. The tensile strength of the compounded rub*- 
ber as shown in Tables IV and V was coráparable to that obtained from the un^^" 
retted control and superior with the addition of a booster accelerator such 
as DPG to the compounding formula^ The reduction in bulk of 50 percent and 
the reduction in extraction time of 60 to'75 percent will greatly increase'the 
capacity of an extraction plant. 



IX TABIÖE IV 
RETTING, EXTRACTION.AND TESTING DATA FROM AlIAEROBIC-AEROBIG RETTED GOLDENROD lEAVES 

(EXTRACTION PERl"0DS-2A HOURS) 

Retting Extraction 
Ret 
No. 

Control 

1-A 

2-.A 

Time of 
Retting 

Days 

11 

11 

21 

Reduc- : Ground 
tion In:     & 
wt,       lUnground 

:Ground 

48.5 
tGround 
tUnground 

50.0 :Ground 
"¿gngponnd 

53.5 
¡Ground 
tUnground 

51.0 ;Ground 
:Unground 

Extract 
Acetone 

U.5 

7.2 
7.4 
6.4 
7.2 
4.6 

65.0 îG^'^o^^d : 
tUngroundt 

70 8 'Ground î 
:Üngroundt 

7.8 
7.0 

Benzol 

3.2 
5.2 
2.7 
4.0 
JO. 
5.5 
4.0 
4.3 
3.3 

Rubber in Extracted 
Leaves Microscopic. 

Tests 

Much 
Considerable 
Considerable 
Considerable 
Much 
Much 
Little 
Little 
Much 

5.6  t  3.6 Î  Little or none 
5.4  :  3.3 I     Much  

Analytical 

Resins in Rubber 

11.6 

21.4 
11.6 
21.5 
8.25 

14.6 
10,8 
18,5 
8.75 

10.6 

3-A 21 5.1 3.0 
2^ 

Little 
Much 

5#15 

"A's" aro duplicate runsi 
over 

t 

ts3 



IX TABLE IV-con»t. 
VüLCÁNIZaTIQN AMD TESTIH3 

c» 

Physical Chemical 

• » 

•                       VulcnniMtion 
Ret   ! 
No.   i 

! Titration 
Ï  Value : Viscosity ; Vulc^ No^ 

5 Curing Timo: 
: at 20OO F.t 
í   min,   : 

Tensile t  Ultimate 
Strength : Elong. 

PSi.    î   % 

: Tensile Strength 
!     DFG 
t              psi. 

Control! I A.AO ! 0.704 ■■ m    ■ !     60     X 1075   i     710 1370 

1   ' 
! 
Í  4.75 
.  5.00   ¡ 

t O0655 
!■ , 0.660 

i    295 
!  293 

i         30   : 
!    60 

1530 
8Ö0 

;  700 
:  690 

:     2105 
t 

1-A ; !  5.10 
! - 5.4.0 

!  O066O     ! 
!  O.64.Ó ■'   i 

!  339 
:  355    ; 

!   45   t 
!   45   : 

1100 
920 

!  700 
!  625 

s     1450 ... 

2  ; .  5.00   i 
'. 5.05   ! 

! 0,660   i 
¡ 0.650 ■:-i 

.-  309    J 

.:  313      ! 
:   60   Î 
!    30    Î 

1170 
860   î 

!  635 
1  675 

: ■   1710 

2.A ; 5.20   î 
5,20 ,  i 

; 0,658   i 
!  0.650 —  ! 

.  346    i 
••■354      ! 

45   : : 
60   : 

870   ! 
'■920   ! 

! . 575 
!  650 

: .-,' .   .1310 

3  ; 5,00   s 
5.20    ! 

0.653   : 
■ 0.660 '  ! 

324 : 
325 : 

60   :" 
. • 45 •  : 

1070   ! 
1060  ■! 

!  650 
!   650 :     1390 

3^  ; 5.20    ! 

-4.^5    : 
■ 0.695   s 
0,660   : 

361    : 

334    : 
45   î 

• 30  " î 
1050   i 
1050    ! 

!  675 
700 

1630 
1520 

^A^s'* are duplicate rims. 



IX TABLE V 
RETTING. EXTRACTION. AND TESTING DATA F^Œv! AEROBIC RETTED GOLDENROD LEAVES 

TÊXTRACTION PERI0DS-2¿ HOURS) 

Rettine       •      Extraction _  _. ¡                           Analytical 

Ret 
No. 

¡Time of ! 
¡Rotting 

: Days 

¡Reduc- : Ground 
¡tion in;   & 
: wt.  ;Unground 
! % 

Ï  Extract 
¡ Rubber in Extracted 
[  Leaves Microscopic 
!     Tests 

;   Resins in Rubber 
îAcetonc ¡ Benzol 

? %   . \                        % 
Control : Ground 1  U.5 !  3.2 ¡  Much !       11.6 

k        '• ;  7  ; ' 51.5 îGround 
:      :Un^round 

!   7.5 1 
:   6.8 

í  A.3 ! 
:  3.6 

¡  Little 
¡  Much 

!       6.8 
:      16.5 

U'A    '• :    rj               ! 1  rg r îGround i 
:   *  tUnground 

!   6.9 1 
¡   6.6 

!  4.7 
¡  4.6 ! 

t  Little 
Í  Little 

!       3.7 
!       5.7 

5  ; ; 11  ; Í 60.0 • Ground î 
'    '         tUnground ^ 

Í ' 6.1 
!    5.9  ! 

!  4.5 
1  3.6 '. 

¡  Considerable 
:  Little          i 

¡       6.6 
!       8.6 

5-A = ; 11  [ 
:   *  tUnpround^ 

!   8.0 
!   7.5 s 

!  5.3 
1  4.6 ! 

¡  Little or None    ! 
1  Little           ! 

•                 4.5 
1       7.5 

6  ; ; 21 ! 73 0 :Ground ■ 
rUn^round * 

:   4.5 ! 
!    A.5  ! 

!   2.4  ' 
.  2.4 , 

I  None            ! 
Little or None    ! 

!       5.5 
5.0 

6-A ; ' 21   ' 65.0 -G^o^nd Î 
tUn^roundî 

6.1 : 
1   5.8 ! 

4.2 : 
4.2  ! 

Î  Little          i 
I  Little or None    ! 

4.6 
!       6.9 

"A'ë" are duplicate runs. 
over 



IX -WaiE V-con»t, 
VULCANIZATION AND TESTIlCi • 

Q 

Physical Chemical 
Î 

Vulcanization 
Ret 
No. 

I Titration 
:      Value • • Viscosity Vulc. No. 

: Curing Time 
:    at 260^ F. 

:       rain. 

:    Tensile 
:    Strength 
Î          psi. 

:    ultimate    , 
Ï      Elong. 
!            % 

ï    Tensile Strength 
1                DFG 
!                      psi. 

Control :      4,40 : 0,704 2I2 !         60 Í        1075 :      710            1 i             1370 

4       \ 
!     4.95 
r      5.25 

: 0.662 
0.648 

310 
294 

r         60         ! 
!              45              ! 

!        1025 
Í        1090        i 

!      610 
s      675 

î              1040 
9 

4-A :      5.10 
f      5.00 

0.657 
0,675 

360 
340 

Î         45 
!         30         i 

!        1055 
\       1360 

!      650             ! 
5      700            j 

i                        1630 
!              1820 

5 t     4.85 
!      5.05 

0.680 
0.657 

: 
I 

312 
318 

Í         45         1 
!              45              ! 

!           1330 
r       1070        j 

¡650            ! 
!      650             i 

1       -                    •        y' :   '  " 

\         1400     . 
5-A    I !     4.75 

!      5.25 
0.668 
0.650 

• 3U 30          ! 
45         '. 

!    ■   1290        ! 
Í        1210        ! 

¡650            ; 
•      625           : 

-1585 ■>  •     • 
1720 

6       • 1 
!      5.15 
■      5.10 • • 

0.649 
0.648 

333 
?26 

15         ; 
30         Î 

Í        1150        ! 
'     • '. 940        ! 

!     650           : 
1     700           î 

1420 • 

5.05 
?-25  , 

• 0,658 
0.673 

• • 
• 

- 347 
, X5 

: 15              ! 
60         s 

1060        î 
1110        s 

!      700            : 
600           î 

1550        .   -- 
U80 

'•A's^ are duplicate runs* 



Extraction Rates o^ Retted Gold^nrod Materials These rates were deter- 
mined in the laboratory on 100 grams of material from each of the retting 
experiments by extracting first v^ith.a ce tone for 24. hours and then with ben- 
zol for 24 hours. During the extraction v/ith each solvent, the extracts 
were weighed at the end of 1/2, 1, A^ 12, and 2U hours• . The retted mater- 
ial investigated included that obtained from both aerobic and anaerobic- 
aerobic experiments retted for periods of 7, 11, and 21 days* Duplicates of 
all runs were madov Since no appreciable differences v^rere noted in the ex-» 
traction rates of the two types of retting, aerobic and anaerjobic-aerobic, 
the results were averaged with the duplicates as tabulated in, Table VI» The 
percent acetone extract versus time is 'shown graphically, in Figoare 1, and 
percent benzol extract versus time in Figure 2. 

IX TABLE VI 
RATE OF EXTR/iCTIQN STUDIES OF RETTED GOLDENROD MATERIAL 

Results Calculated to Dry Weight of Original Leaves 

Days :Type of: 
Retted;Rettin^f w 

Î   Hours Extraction 
;V2 Î 

Hoiars ^traction 

f:Acetone Extraot 
12 ; 2L    ;l/2 ; 1 ; L  : 12 

:j6;B9Ízol»Egt^aet 
2L. 
Ç . . U 

7 
7 
7 
7 

7 
7 
7 
7 

11 
11 
11 
11 

11 
11 
11 
11 

21 
21 
21 
21 

:A-A, 
:à(2) 

:A 
« • 

t 

ik-k 
îk-k 
tk 

:A-A 
sA-A 
:A 
:A 
Í 

:A-A 
:A-A 

ik 

ik^k 
îk-k 
ik 
'A 

:Ground 
• n 

»II 

{Average 
• 

:Uhgr'd 
:" 

r" 
.11 

6,80 
3.05 
3,BA 

»Average 

Ground 

4.56 

3.09 
l.itO 
3.32 
1.78 

7.21 
4.15 
5.18 
6AÍ0 
5.76 

3.40 
1,60 
3.76 

Average 
: 
:üngr'd 

2.89:3.28 

4.55:5.64 
6.08:6.41 
4.60:5.68 

5,06:5.82 

7.98: 8,50: 
6.05: 6,75: 
6,68: 6,96: 
7.18; 7.47; 
OTI 7,42: 

t 
5.15: 6.18; 
4.00: 4.70: 
5.87: 6.35: 

8*85: 2.84:4.02 
7.05: 1.15:1.95 
7.08: 1.17:3.00 
7.67; 2.66:4.0 
7.66: 1.95 

4.90: 
6.68: 
6.60; 

0.72 
0.10 
1.86 
lAQ. 

5.14: 5.88: 6.06: 1,02 

7.40: 8,08i 
7.02: 7.48: 
7.15: 7.U: 
6.28; 6.56; 

8,47: 
7.54: 
7.72: 
6.60; 

2.02 
3.21 
1.61 
2.72 

6.96: 7,39! 

:Average 

¡Ground 

3,04:3.72»5,98; 6,95 
:2.70:3.44:4.94: 6.42 
:3.31:4.45»5.78; 6.35 
3.04:4.08»5.35;S.76 

:" 
.tt 

3,02 

3.26 
4.06 
3.43 
2,20 

3.92:5.51: 6.37 
• • 

4,02:4,60: 4,72 
4,20:5.52; 5.38 
4.72:5.50; 5.56 
2.89;4.03: 4.18 

¡Average:3.26:3.94:4.86: 4.96 

7.58: 
: 

7.15: 
6,70; 
6.^2; 
6,00; 

2.39 

3,2 

0.93 
0^50 
2.59 
1.94 
1.49 

2.89 
4.33 
2,98 

3.51 

6.67: 1,12 

0,88:0,98 
1.12: 
l.U»l,89 
l.j6:1.84 

4,96; 
5.43: 
5,78: 

0.85 
0,81 
0.88 
1.00 

5,14: 0.88 

1,57 

2,04 
1,65 
2.45 
1.67 
1.95 

6.28:6.55 
2,74:3.04 
4.37:4.65 
4i7?--^tlO 
4.54:4.81 

2.06:2.58 

6,80 
3.24 
4.70 
¿A21 

1.90 
3.89 

2.79 

3.52 
5.03 
4.26 

4.26 

2,06 
2.32 
2.84 
2.80 

2.50 
4*,22 

5.01 

3.30 
3,00 
4.37 
4.17 

3.34 

3.62 
5.35 
4.60 
á«12 

3.71 

3.97 
5.40 
4.88 
4.44 

4.47:4,67 

2.50:3 
; 

2,92:3 
2,45:2 
2,98:3 
2^22:2 

,74.»3.24 
,54:4,00 
,69:4,07 
il?;»?t?Q 
,27:3.63 

; 
,06:3,10 
.48:2,56 
,04:3.12 
t24-2t40 

2.64:2,70:2.79 
(1) Anaerobio-Aerobioî  (2) Aerobic over 



IXTABIfi VI-con*t^ 

Results Calculated toDrylíei^ht of Original-¿^ ^ 

laj 1 v4 11^, I ,^, s|/2 .,f;j. ;; 4 iri^, < 24., Days fType of t xl 
Retted:Retting :     i     ^„ ^.-^.^^^^^^   ... ^^^.„^^ ^^^^^^ 

21 :A*A jltogr^d 52»40:3a6:432i 4430Í 4.*$5VÍ463iir83^2aOj2>34:2c.4^ 
21 -J.^ s« í3a5í3*78j4a97k 5;40i 5*67J l,33il496:2,66:3*08:3.22 
21 Ik 5" s2,80í4.20s5,40t ¿ifeOi 5».6V: 1^961 .    :3.36í3i71:3*70 
21 5A II :2.^?:2,y7:4,0g; ¿JßYi ,4|,^fj J^^?^^^^^^^ 

Î :AverQgeî2;73:3#53:4#68î 4*94: 5*09i Ii54il492:2.62:2.90;2.98 
: :     %        Ï        t        t I \ litt 

0 ^Control ^Ground :4é9 :6a tB.B xlX.(>  :13t9 î 2^1 xZ^2j%3^^U^3  :5*2 

ïke-origiml^Xeeves :^cotttelnoà-»14 per cent.acetone, soluble naterial^ or *': 
Sfesltts^é The 7 and 11 days* retting both^removed 50 percent of\the acetone 
solubles and the 21 days* retting removed 65 percent. As shown in Figure 1^ 
the rates of»extraction of the remaining .resins increased appreciably tïith 
the number of retting daysj and all rots were extraçte4 more readily than the, 
ground controlé JPor the 21 day ret, practicaliy ail'of the acetone solubles 
were removed in four hours* Grinding of the retted-leaves, in a Wiley mill 
through a 1/6 inch screen added the *rate pf extraction for the 7 and 11 days* 
ret but had a negligible effect on the 21 day ret. '    - - 

The results of*the benzol extraction*rates showed trgnds similar to the 
acetone. extraction* As shown in Figure'2,* the extraction rates ..increased 
with increase dn the retting period* In addition, 'all--:fetted materials were 
extracted more readily than the unretted ground contçol sample• The ground 
leaves from the 7 and 11 days ♦ retting experimenta extracted rafore readily 
than th^ ungrouhd* Grinding appeared to have a negligible effect' on the 
21 day retting experiment* The bulk of'th^ rubber from the 7 and 11 days* 
retted and ground material was extracted in four hours a^ compared to 16 
hours required to obtain a similar amount of rubbed* from\t!he unretted con* 
trol,  .   ,   . 

Anaerolpio^aerpbic Retting; A study of the previous .tables will show that 
for similar ratting periods the anaerobic-^aèroBic retting yields about 20 
percent i^ore rubber than the'aerobic, therefore thé'remaining retting exper- 
iments were .lijtiiite4. to axiaerobic^^aörobic'studios» /Êcperimê^      conduct- 
ed using ten pounds of leaves in each of six barrels; tv/o T^ere retted for 
11 days^ two for 16 days, and two for 21 days^ l^evipus. retting experiments 
had shown that a retting period of 11 to '21 days was desirable ♦ 

■ ■ .. -  ^ ' ,  '  *■*"'.' 

The inoculum used for this series of experimentÄ was the liquid prepared- 
by diluting one part, of digested sludge with'15'paf to'water* After: mixing 
and settling of the*heavy particles^ fb'ur'gallons of'the supernatant liqui4 
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was added to the leaves in each barrel. Sufficient water was then added to 
cover the leaves, A slatted cover YJith weights waö put on top, of the leaves 
to prevent flotation. At the end. of the threç day submergence (anaerobic) 
period, the spent liquor vms drained. During the remaining retting period, 
the leaves were inoculated daily viith two gallons of inoculum v/hich remained 
in contact with the leaves for 15 minutes before draining. 

During the three day anaerobic phase, the titratable acidity increased 
and the reaction varied from a value of pH 5*4 to 5«0^ In the aerobic phase 
the titratable acidity decreased and the pH increased to a value of 6,0 at 
the end of the retting period. The-température of the retting mass varied 
from 28^ G. to 31^ C. 

At the termination of the retting period the material was washed in situ 
two or three times with measured volumes of vjater and the drainings were 
carefully collected* An aliquot of the wash waters was analyzed for total 
solids which in turn were submitted to an acetone and a benzol extraction» 
The loss of benzol extract (rubber) due to washing and draining of the 
retted leaves varied from 0.023 to 0.193 percent and may be considered as 
negligible. The ivashing and drying data are summarized in Table VII. 

The leaves were dried in a forced draft oven for six hours at 14.0^ F. and 
for 7 to 17 hours at 125^ F. Due to the nature of,the airrcirculation and 
to the fact that the retted material was spread on paper placed on trays 
only surface drying was possible. Observations of the drying material also 
indicated that drying was retarded by lumping and retention of some solid 
sludge especially with material obtained from the 16 day and 21 day retting 
periods. The reduction in weight approximated 30 percent for the 11 day per- 
iod, 36 percent for the 16 day, and 38 percent for the 21 day period. 

Information concerning rubber evaluation of this series of retted golden- 
rod leaves is presented in Table VIII. The tensile strength'of the rubber 
obtained from the retted leaves was slightly better in some caèeo than un- 
rettod control in spite of the fact that the resin* content of the rubber 
was somewhat higher. Microscopical examinations showed that.very little or 
no rubber was present in the extracted ground retted leaves and also in the 
21 day unground retted material. The percent acetone extract was consider- 
ably less than in a control, showing that some resins v/ere ■ removed during 
retting. ■ *  

Effect of Inoculum Upon Retting. A* stuQy was made using a diluted 
sludge, a concentrated sludge, and a clear cultur^e an order- to-détermine 
if the presence of sludge particles can be eliminated; and to determine 
at the same time if comparable reduction ift-weights can be obtained^ with 
shori^er drying periods of the retted material. 

over 



EC TABLE VII 
WASHIMÎ AND Î3RYMG OF RESTED GOLDEimOD LEâVES 

(AIH DRY WEIGHT 0? UMREïLsD KLAP SAMPLE-10 IBS.) 

t 
• 

ïtoshine DT^rine 
Time Î     No. 

:of Times 
: V/ashed 

: Wash 
:Water 
! Gals. 

¡Solids:Acet,  rBenz. 
:    in    :Extr. :Extr, 
î Wash : of      ; of 
:Water rSolids:Solids 

:    Based on Original Wt„ of Leaves * 
î Air ! 

Time      :Dried 
in Hours  ; Wtc  ! 

¿0OFî125"F: Lbs 

¡Reduc, 
îin It. 

Retted 
Days 

î      Acetoue 
Í      Extract 
Í    in Solids 
:            % 

;         Benzol 
:          Ebctract 
r        in Solids 
:               % îl 

U :        2 :    12 : 0*19 : 3.96 : 1.30 
J                                               •                                               ♦                                              4 

:          0.071 t           0.023 6    :    7" t 7.05 i i 29,5 

n   ! !           2         ! !    12    . X 0.10 î 3.82 : 0.85 :          0.069            ! t            0.015 
: 

6    :    7 
t         î 
î 6.953 30.5 

16    ) 
s 
î           3         ! 

! 
X    18    1 ! 0.23 : 6,24 : 5.13 ! 

!                 t                 •                 . 
!             0.21                   ! 

! 
!            0.17-t 

• • 
6    : 17 î* 6,6 ! 34.0 . 

16    : 
• 

3      : 
« 

18      ! ! 0.15 s 5,90 î 3.3A î 
X                  1   ■'              • 

!              O.M                    î 0.077 
: 

6    Í 17 î 6,3 : 37.0 
21    : 

• 
3      : 

s 
17      ! ■ 0.13 : 6.78 t 5.31 : 

î     .      î            • 
0.13               : 0,101 6,5» 13 

:          : 
.: 6.06: 39.4 

21    : y    : 12    : 0.25 : 6»57 : 7.73 : 0.16              : 0.193 
• 

6.5î 13 
:          : 
i 6.3 î 37.0 



IX TABLS VIII 
RETTING, EXTRACTION. AND TESTING DâTA ON AN.IEROBIG-AEROBIC RETTED GOLDENROD LEAVES 

(EXmCTIQN PERI0DS~2¿. HOURS. RETTING PERIODS,  11,  16,  21 DAYS) 

.Retting 
net 
No,, 

Time of 
iRetting 

Days 
Ccaitrol 

7-A 

11 

11 

16 

ê^A ^   16 

Reduc- 
tion in 

Tit, 

29.5 

30.5 

%.0 

37.0 

Extraction 
Ground 
& 

Unground 

Ground 
Ground 
Unground 
Ground 
unground 
Ground 
Unground 
Ground 
Unground 

Extract 
Acetone : Benzol 

18.3 7.2 
10.2 7.4 

5.6 

8.A 
7.7 

8.6 
6.5 

Analytical 
Rubber in Extracted 
Leaves Microscopical 

Tests 
Resins in Rubber, 

5-10 
Trace 
5-10 
None 
25-30 

8.8 
8.7 

7,3 

8.1 
7.6 

7.9 
7,3 

Less than 3 
Less than 3 

0-5 
15-20 

A,2 
7.A 
9.A 
U.6 
J5.5 
7,1 
5.5 

12.6 
10.3 

21 39.A 
Ground 
Unground 

8.2 
9.7 

7.0 
7.3 

None 
None 

10.3 
5.3 

9-A -   -21 37.0 Ground 
Unground 

8.4 
8.3 

7.9 
9.3 

None 
None 

13.4 
9.6 

"A'S" are "duplicate runs. over 

ff 
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IX TABLE Vlll-con'-t, »-4 

i 
•o 
it 

Ret 
No. 

Riysical Chepica;! 
Titration 

Value 

Controlt      A.95 

7-A 

8 

8-A 

9-A 

5.00 
5^10 

A.80 

5.15 

5.05 
5.05 
5.10 
1.93 
5.25 
5.23 

Viscosity 

0,69Q 
0.'65O 
0.656 

0.657 
0^663 
0.6U 
0«656 
0.662 
0.653 
0.658 
0.666 
0.660 

',    Q«654.. 

Vulc. No. 

376 
370 
378 
373 
371 
396 
377 
372 

Curing Time 
at 2Ó03 F, 

mlriu 

■,Jfi¿?...cariiaaí'.i,QA, 

A5 
A5 
60 

30-4.5 
30 

^^5 
15 
30 

392 
379 

A5 
60 

375 
374 

15- 
10 

390 
380 

30 
15 

'l'ensile 
Strength 
 psio 

ü^-timate 
Élong,, 

970 
990 
740 
690 
5'50 
665 
770 
1030 
830 
565 

1160 
1140 
610 
925 

650 
600 
60O 
650 
.700 
r700 
;65D 
625 
"?25^ 
550 

.-600- 

421 
600 
625 

Tensile Strength 
with DFG 

.psig. 

JZ35 
1645 
1155 
1310 
1080 
975 

■ 1290 
:.}675 
- 1260 
• 1310 
U30 
1420 
850 

1240 



Dilute sludge was prepared by adding one part of original digested sludge 
to 15 parts water» The concentrated inoculum had twice the amount of di- 
gested sludge« The culture inoculum Y/as prepared as the dilute inoculum 
with the addition of tv/o grams of peptone per gallon of solution. These 
were allowed to remain 24 hours before using. For the dilute inoculum only 
the supernatant liquid was used. The concentrated inoculum was thoroughly 
mixed before using. The culture inoculum was stiri'ed only slightly before 
use so as to keep the lighter particles in suspension.^ 

To each of three barrels ware added six pounds of goldenrod leaves which 
were then retted by means of the three prepared inoculants. Two gallons of 
inoculum and approximately 20 galloons of water were added to the corre** 
spending barrels# Retting wap then conducted according to the anaerobic- 
aerobic procedure« After three days, the liquor was removed and thereafter, 
daily, two gallons of the required inoculum were added and drained after 15 
minutes. Inocvilum was prepared as required. At thg end of the 11 day 
retting period, the retted leaves were washed, pressed, and. dried. Washing 
and drying procedures were similar to the previous series of experiments. 
A pressing operation using a small hand press was included in order to facil- 
itate drying by removing as much water as possible» 

The ret conducted with the dilute inoculum using only the supernaj^ant 
liquid washed easily and the wash water drained readily. Although the 
leaves did not appear to be completely decomposed, they shov/ed the great- 
est reduction in weight (40 percent). The retted material using the cul- 
tured inoculum washed and drained slowly, and although^the leaves appeared 
well decomposed they showed only a reduction of 29 percent due to adhering 
sludge particles. . The leaves retted with the concentrated sludge inoculum 
contained sludge particles resulting in a non-decrease in weight although 
the: leaves were well decomposed. Wash water drained very slowly. Data 
pertaining to drying and analyses of the wash water are given in Table DC. 
The rubber (benzol extract) lost in the water from'the pressing operation 
was negligible. Although the drying time for all 2*ets was six hours at 
140®F. and six hours at 125*^, the rets using culture and concentrated inoc- 
ulum required periodic shredding, while drying due to the lumping, which 
tended to keep the centers moist. Determinations.made for pH and total 
acidity gave trends similar to those in previous experiments in which the 
acidity increased rapidly during the three day anaerobic submerged phase 
and decreased slowly during the aerobic phase approaching a value of 
pH 5*7. 

Extraction and testing data of rubber obtained are- summarized in Table 
Xé The rubber recovered from leaves retted with dilute inoculum had a^ ten- 
sile strength comparable to the- control. The culture inoculated^ retted 
leaves gave similar results. The concentrated inoculum" gave lower tensile 
strength. The yields from all the rets in^ général were as good or better 
than the unretted control. Of the three typés of inocula, the dilute inoc- 
idum in which only the supernatant liquor was.used gave thf best results as 
measured by, (1) reduction in weight, (2) yield of rubber from ground mate- 
rial, (3) thorough extraction as* shown by microscopical examination of ex- 
tracted leaves, and (A) high tensile strength when an accelerator such as 
D.P.G. is used in the compounding formula» 

over 



IX TâBLE IX 
WkSHING MD DRYING OF RETTED G(XDENRQD LEAVES USING THREE TÏPES OF INœUIA 

I CM SIX P0I3HD SAMPLES FOR A RETTII^IG PERIOD Cffi* 11 DAYS. 

I 

Hashing                                                                               î Drying 
Tnní»«   • 

. of ¡ 
shos   ! 

: Wash 
iWater 

:SolidsiAcet,  sBenz.  ! 
:    in    tExtr.  :Extr.   : 
: Wash : of      : of      ! 

I    Based on Qriiânal iït. of Leaves    i 
!      Tin 
t in He 

:          : 

ulum    : 
; 

Ho 
Wa. 

;      Acetone             : 
:      Extract             : 

Benzol 
Extract            \ 

le        :          % 

>urs    iDriedjReduc^ in 

• ' Gals. 
;Water :Solids:Solids! 
.it      i    %      '.    %      '. 

:    in Solids          i 
t                : 

in Solids !          :           î Wt.  :     Wt. 
îU0°P:125°F: Lbs.:       % 

Cul-    î 
ture    : 2         ! 

[ 

!    6 
:            :            :            : 
î 0.16 : 4.5A :            : 
*.                        f                        •                         " 

\         0.036            î \   6    1 
1          :          % 

\   6    X Ua^t *29»0 
s 

Concen- 
trated: 

• • 
2      ) i    7 

• •                         •                  .   . * 
• •                         «t                         ' 

t 0.19 i A.05 s"      ^ !          0.Ó50            t 
' 

\   6    1 
»                                  4 

1    6    ' 

Dilute: 2      ' ! 10 \ Oai : 3.82  ;            î 1          0.03¿        .   î 
■ ■,. '. 

Í   6    ) t    6    1 ! 3.6 :    iCO.O 

Liquid Pressed Out y/lth Hand Pi;ess; 
Cul- 
ture I, i 

Concenrir 
tratera.: 

Dilute 

:            î 

i ^2      î 
i         ■ : 

' 0.35 i 
Í,                 ! 

\ 5.19 ' 
!                   ¡ 

í    3.17¡ 

'•                                         4 

t    2-      î i 0^55 1 ; it.Ö6 . !    1,32- 

.;0.24 ! 6,71 i ,        '  j 

0.031 

0.037 

.0.027 

0.019 

0.012 

* Lov/.Reduction inHiÎti. ;Due to Slüdgé Retained by Leaves, 



IX TâBL3 X 
THE EFFECT OF INOCUU UPON RETTim OF GOLDEmOD LEAVES. 
"(ACETCaiE iiND BENZOL EXTR^iCTiaJ PERI0DS»2¿ HOURS EACH) 

Retting I             Extraction Analytical 
Inocu- îTime of î 

lum   :Retting î 

íReduc- i Ground : 
îtion in:  &   t^ 
I    wt^ sUngroundi 
I  ^  s      : 

Extract 
! Rubber in Extracted - 
!_ Leaves Microscopical I 
i              Test 
1      % 

!     Resins in 

i            % 
Rubber 

• * • * 
t   Days    1 

Acéteme 

% 

• • 
: 
Ben25ol 

%    1 
Controlt  0   î .    29.0 :Groiand i 18.3 « 7.2  ! !        5 to 10         ! I                     4.2 

Culture- U   ' 
•                * 

Í 29.0 -^^^^d : 
Í     îUnground: 

9.6 
9.3 t 

6.2 i 
8.3 ! 

1    Less than      ! 
!     None         î 

î 5.2 
i        7.9 

Concen- 5 jj^        \ 
trated t                i 

t Q      î  Ground t 
I     tUngroundî 

10.2 
10.2 

: 3.96 ! 
7.75 ! 

!    15 to 20 
î     5 to 10      i 

! 12,6 
!        9.0 

Dilute • 11   ' '•   40.0 "^f"^^    » 
!     îUngroimd: 

9.0 
8.7 

• 
• • 

7.4 i 
7.5 î 

1     None         i 
!      0 to 5        ! 

1 6.1 
!        7.9 

over 

• 



IX T/iBLE X-con»t, 
VULG/LNIZATION AND TESTING 

I 
«Tí 

Phisical Chemical » 
Vulcanization 

Inocu- 
lum 

Î Titration 
Î  Value   Í ! Viscosity : Vulc, No. 

! Curing Time 
: at 260° F. 
:   miii. 

! Tensile 
: Strength ! 
!   psi.   ! 

5 Ultimate ' 
1 Elong, 
!    %                ! 

! Tensile Strength 
:   with DPG 
I     psi. 

Qntrol r   , ^.95   ! Í  0.690 :    376   i !   45 :   970 !    650    ! !    1735 
Cul- ; 
ture • 

5.05 
5.15   ! 

!  0.6-^9 
:  0.661 

!    ^09 
:    39í;   : 

!   30 
:   30    ! 

!   1000     ! 
!   755    ! 

!   625   ! 
650   ! 

I    U60 
1620 

Concen- : 
trated: 

5.18 
•   5.38 , ,! 

!  0.6A8   ! 
Í  0.682 

!    Alo   i 
!    4.08   : 

15 
60    i 

!   705    ! 
!   595    ! 

625   '. 
500   ! 

965 
Í     975 

Dilute; 
-^.68   s 
5.00   ! 

!  0.667   : 
.  0.676   Í 

!   393   ! 
395   s 

A5           '. 
30    ! 

!   880    : 
920    ! 

700   : 
700   i 

1710 
1300 

CO 
o 



Additional Experiments^ Temperatitfe .changes due to bacterial action dur- 
ing the anaerobic-aerobic retting process w^r» determined on 37 pounds of 
dried leaves packed in a wooden barrel, A thermometer was placed in a pipe 
containing glycerine. The pipe was inserted into the center of the retting 
leaves'and temperatures were recorded daily. Over a period of Li days the 
temperature increased from'28^to 3X^C, in accordance with room temperatüre<i 

Effect of retting the whole plant v/as observed upon fresh goldenrod plants 
gathered locally. The .plants were chopped into pieces approximately two 
inches in length, and 20 pound ^¡amples were weighed into each of three bar- 
rels. Anaerobic-aerobic retting procedure was followed using dilute, con- 
centrated and cultured inocula for a retting period of 16 days. Before 
using the inocula, the coarse particles were removed by means of cheesecloth. 
The leaves were well retted by all three inoculants. The bark separated from 
the woody portion and. was in a fair state of decomposition. The sterna.re*^  - 
malned practically Intact except for the smaller ones which showed some indi* 
cation of being retted. Reduction in weight was 30,9 percent for the con- 
centrated inoculum, 40,6 percent for the dilute inoculum and 46,6 percent for 
the culture inoculum. Evaluation of rubber was omitted since earlier tests 
had shov'/n very low rubber content present in this wilc| type of goldenrod^ 

Conclusions based on Laboratory Ebcp^rimpnts, (1) A simple retting meth- 
od has been developed as an aid in the extraction of rubber from goldenrod, 

(2) Retting reduced the bulk of the material to be handled in the ex- 
tractors by at least 40 percent, 

(3) Resin and rubber extraction periods were considerably shortened, 
requiring one-third to one-fourth of the time necessary for unretted leaves 
as shown by extraction rates, *;'^ ' V/ ' 

' ^' '        ■ ' 

• (4) Microscopical examinations shov/ that rubber was more completely ex- 
tracted from ground retted material than from groui»3 unretted^ leaves „ 

(5) The yields and quality of the rubber obtained by retting was com^ 
parable, and in some Cases, better than that obtained from the unretted 
control» . .  -  

(6) Rubber losses due to-*washing of retted material were negligible, 

(7) An anaerobic-aerobic retting procedure was used at 30^, consisting^ 
of three days submergence in dilute sludge inoculum followed by a four to 
thirteen day period in xvhich the leaves were not submerged but moistened 
daily with fresh inoculum,      . . ^ 1.,.  

(8) Easily obtainable digested sludge, diluted with;15 parts water proved 
to be a satiisfactory source of inoculum with or without the addition of 

peptone^' '    ' '  
over 



IX-p;22 

RETTING INVESTIGATIONS CONDUCTEP- ON PILOT BL/iNT SCIiJM 
AT ÏBiYNESBaR0, GÏK3RGIA 

Retting of goldenrod on a largo scale v/a3 conducted at Waynesboro, Georgia, 
between September 23j  19435 ^^^  December 9f 1943* In general, the conditions 
of retting v/ere based on the laboratory experiments completed at the Southern 
Regional Research Laboratory on the 1942 crop of hand^-stripped leaves• A 
discussion of these large scale retting experiments, the processes involved 
in the prepara^tion of the retted material for extraction and analysis, and 
testing data, (are presented. Briefly, the chronological treatment of the 
goldenrod at tfeynesboro v/as as follows: (l) harvesting and preparation of 
the goldenrod for retting, (2) retting under various conditions, (3) vmshing, 
(4) pressing, (5) shredding, (6) drying, and (7) shippings 

^qyvesting and Preparation ^pr Retting, The goldenrod used for these 
experiments was selection 3-SP-79 from various fields. íhe crop was harvested 
v/ith either a corn binder or a rice binder and loaded onto trucks equipped 
with canvas covers to protect the goldenrod from sunlight which was believed 
to be detrimental to the quality of the rubber in the leaves* Hand picking 
of foreign plant material from the goldeiirod for Ret Nos, 1 and 3 ^"^as neces- 
sary due to the presence of excess weeds and grasses. Listed in Table XI 

' are the fields and the condition of the goldenrod as received from these 
fields. '  / ' 

TABIE XI . 
r       INFOBiLVTION ON GOLDENROD. SELECTION 3^S-^79> USED IN 

UiRGE SCALE RETTING TRI/ilS 

Ret: 
No.:' 

;Çondi- ; Binder :Preparation 
Field    :tion of: Used for :of Ret€ing 

:Golden-:Harvesting: Material 
A rod 

Ratio Percent,; Green ft* 
Leaf : Stems t     Lbs, 

:Bates 
1 íRed Bay Weedy : Corn 

:Machine cut 
:(Pöpec 
Cutter]} 

(a) 37.5. 62.5 5002 

2 JManley Good Rice ÎSmall Leaf 
:Strip|>er 

(a) 92.7 7.3 1206 

3 :F. M. Cates Grassy Rice 
tSm^all and 
ÎLarge Leaf 
tStripper 

31*0 (b) 69-0 2078 

4 îF. M* Skinner Good 
:Machine-^Cut 

Rice   :  Air-*   : 
^ ^^ep^r^ted" 

21,7 (b) 73.3 20)3 

5 :Mrs. F. Cates Good Rice 
: 

:fiIachine-Cut: 
Air-^, , . j 

Separated ■^,. ; 
21^7 Cb) 78i3 

}i 

2105 

(a) Includes leaf plus bloom. 
(b) Includes stems plus bloom# 



Attempts made at the drying plant to obtain satisfactory leaf material 
for retting were not liholly successfxal» This necessitated modifications in 
the experiments as originally planned» Instead of pure leaf material it was 
necessary to use machine-^cut (Papeç cutter) whole plants for the first 
retting experiment, machine stripped material with only partial removement 
of stems for Rets Nos# 2 and 3^ and machine-cut whole plants from which some 
of the heavier pieces of stems had been removed by a machine air separator 
for Rets Nos* 4 and 5* 

Composition of Planit^ Material^ . A number of general harvest samples, of 
machine air**separated material was carefully separated by hand and shov;ed 
the following proportions: 20 percent leaf, 30 percent sterns^ and 50 per- 
cent bloom (Mr» P. Ct Wakeley)» \ The fourth and fifth retting eicperiments 
consisting of machine air-separated material had a leaf content comparable 
to that of the general harvest, 21*7 percent (Table XI). On thé other "hand, 
the goldenrod used in Ret Ho* 3 v/as passed through "leaf** strippers and 
therefore the material obtained had a higher percentage of leaf than the 
material in the last two retting experiments* The second experiment, also 
using machine stripped material, showed a much higher leaf content v;hich in 
this case may be attributed to immature green blooms included with the 
leaves* 

Description of'Retting Tanks> Pour cypress tanks, each with a capacity 
of 600 gallons and each of which could hold approximately 1200 pounds of 
plant material were used for retting* Two similar tanks were set aside 
for preparing the inoculum* The four rotting tanks were equipped with remov- 
able false bottoms four inches from the true bottom* These false bottoms 
had 3/8" holes 1-1/2" apart* During the course of experimentation it was 
found necessary to fasten the false bottoms in, order to aid in the preven- . 
tion of the whole retting mass from floating during the first three days or 
anaerobic phase* The two make-up tanks used for preparing the sludge ivere 
equipped v/ith swing suction pipes so that clear supernatant inoculum could 
be withdrawn. A centrifugal pump located between the two tanks was connected 
with a system of pipes and valves making, it possible to use the pump for a 
three fold purpose: (1) to pump the inoculum from either of the makeup tanks 
to each of the retting tanksj (2) to circulate the inoculum during the prep- 
aration procedure; and (3) to pump sludge from a tank truck outside to the 
make-up tanks* . . 

Inoculum* Digested sludge for preparing the inoculum was easily obtain- 
able from the sewage plant dt Camp Gordon located near Augusta, Georgia* 
The digested sludge was transported in a tank truck and'was pumped into the 
make-up tanks by means of a flexible hose connected to; the centrifoigal pump* 
A total of 2,772 gallons of sludge V/as coftsumed in preparing the inoculum 
required for the 10,319 pounds of green goldenrod material retted in the 
first, four experiments* 

. The inoculum v;as prepared by diluting 50 gallons of sludge to 550 gallons 
(ratio 1:10), and then adding a nutrient consisting of about one ounce of 
Bacto-peptone and one quart of, corn steep liquor* Although the tap water 
used for dilution had an average pH of 9*3^ "t^^ inoculum averaged pH 6.5» 

over 



After circulating the mixture for ten minutes an^ settling overnight^ the ' 
supernatant liquid was used for inoculating the goldenrod material* About 
175 gallons of the clear liquor (inoculant) was added to 1000 pounds of gold-^ 
enrod material. This is a relatively high concentration of plant material to 
liquid inoculum. 

Conditions of Ret<;infi;> The anaerobic-'-aerobxc procedure was followed for 
four of the five experiments. In general, the plant material was covered 
with inoculum (150-200 gallons) and after three days the spent liquor was 
drained. This was followed by periodic inbcuíation'with 150 tq  200 gallons 
of inoculum so as to completely cover the leaves, and then, after a two to 
three hour soaking period, the excess liquor was drained. Mixing of the 
retting mass during the daily inoculations -was found necessary in order to 
aid removal of excess acidity v^hich would cause pickling and therefore pre- 
vent decomposition. The procedure was modified for Ret No. U  in that the 
material vjas inoculated every second day-rather than daily. 

Ret No. 5 was entirely different insofar as an inoculum prepared with 
chicken manure was used and, in place of daily inoculations, the plant mate- 
rial was kept completely submerged throughout the retting period. The spent 
liquor Was drained and new inoculant added only-at the end of the third and 
tenth day of ret. The inoculum was prepared by adding one bushel, of chicken 
manure, one ounce of peptone, and one quart^of corn steep liquor to 600 gal- 
lons of water. After circulating and settling, the supernatant liquid was 
used as the inoculant. In this case the excess acidity formed.in.the retting 
mass was neutralized by the addition of oiie-half pound of bicarbonate of soda 
whenever necessary during aeration.  .      - 

Data pertinent to the conditions of retting are given.in Table XII. Tem- 
perature of the retting mass taken at a depth of ten inches varied from an 
average of 25^ C« for Ret No. 1 to an average of 12^ C. for Ret No. 5# Al^ 
though higher temperatures were desirable, no control was possible due to the' 
lack of heating facilities in the building. It was found that the retting 
mass would heat to some extent if inoculated every seö'ond day rather than 
daily. This procedure was used for Ret Noé A  in order to attempt to main- 
tain a higher temperature. Also, to aid in obtaining a higher temperature 
at the start of each ret, the goldenrod material was moistened with inoc- 
ulum on the first day and remained in that condition overnight.to promote 
heating. Typical heat distribution in the goldenrod material due to self 
heating was as follows: two inches below the surface, 34-^ C.j six inches 
below the surface, 47^ C.; 16 inches below, 4i® C.j and 24 inches below, 
24^ C. Upon the addition of inoculum the temperatures became more uniform 
throughout the retting mass and averaged as' shown in Table XII. 

The lowest pH of the drain liquor varied from 4.4.0 to.¿.50 for the'five 
rets. These low values were attained' at the end of thé anaerobic phase 
(first three days of ret). The pH then increased gradually until at the end- 
of the retting periods when the, highest values v/ere reached, the pH varying 
from 5.50* to 5*91. 



IX TABLE XII 
CONDITIONS OF URGE SCALE RETTING OF GOLDENRQD 

Ret Î 
No. 

\  No. of 
î Days 
\  Retted 

:   Retting 
î  Procedure 

• < • « 

: Type of î 

Culture 

Frequency ofî 
r Aerobic 
v Inoculationî 

rAerated 
'Temperature ofj 
! Retting °C ! 

* 

pH of Liquor 
¡Low ! Average■ \        Low    I ■   High  , „ 

1 , I 22 : Anaer obic- 
:Aerobic 

:Digesteà 
:Sludge    î 

\      Daily ! No î21  ! f  25 1  5.50 

2 ; 20 :Anaerobic- 
îAerobic 

:Dígested  i 
:Sludge    î 

'  Daily ' No 
Í        ! 

;i9,5; '  23   j \      A.AO    . ;  5.30 

- 3 ' ; 18 :Anaerobic- 
:Aerobic 

:Digested 
:Sludge    : 

'  Daily ; les ' 'l6 ' 
!     ! 

;    19 ; :   -^-55     : 
1 

;    5.91 

U  ' ; 20 îAnaerobic- 
:Aerobic 

tDigested  î 
:Sludge    í 

►Every Second 
Day !  ^^^  ! ;i5 ! ;   17    ; : ..a   ; ' ■ 5.68 

5 \ ! 21 
îAnaerobici^^ 
:(Submerged) 

:Chicken   s 
îManure    î !  ^^^ 

; Yes ; ;iö.5; ; 12  ; :   A.51      ; I  5.71 

(a) Inoculum changed at end of third and tenth day Df ret# 
(b) Excess acid neutralized with bicarbonate of sodi* 

^over 
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Aeration of the retting mass T;as found beneficial in obtaining a more homo- 
geneous retting maxturo. In retting large batches there is a tendency: for the 
top portxon to ret more readily than the bo.ttorai portion ;whi<;h could not be 
easxly mixed. The difference v/as noticeable in that the leaves at the top 
were more "tender" than those at the bottom. Also, the material' at the bSttom 
of the tank was of a deep green color instead of-the brdvm rbtting'color and 
had a pickle odor for a longer period of time (as previously stated, pickling 
prevents decomposition). This difficulty was partially Qvercome foJ Rets Nos. 
rî t' ^f. 7 aerating - a process which was also believed helpful to micro- 
bial action during the aerobic phase. Aeration was accomplished-b^ attaching 
a 1/2 inch pipe, 6 feet long to an air hose of á DeVilbiss air compressor. 
Cne end of the pipe was pointed and had four 3/l6 inc^ hol^s, tîîo inches from 
the point. The air going through the retting'mass was controlled by a valve 
located at the end of the pipe connected to the air hose. Iii order to aer- 
ate, the pointed end was pushed through various Sections of'the-rettihg mass 
and each time the air was allowed to bubble through for several minutes; 

^MSg-ihe,Retted Material^ Upon completion of the rettihg period's'of ii 
1Ö to 22 days for the five retting experiments, the retted mass was washed :' 
two to four times with tap water (pH 9.3). In general, the prbbodure for ' ' 
washing was to cover the material with water tind drain. Subsequent washes'" 
consisted of thoroughly mixing the rotted mass while adding and draining the 
water. The pH of the wash liquor drained tended to approach neutrality with 
increase in number of washings, As shown- in Table XIII, the pH averaged 
5.58 for the first washes and 6.18 for the last washes. • , 

iSÈaMÎBB*    After draining two to three hours, the excess viater in the 
washed retted material was removed with a two-drura hand press shown in Fig- '<: 
uro 3. The number of times each drum was filled for each ret, the moisture 
content after pressing, and the man hours required for the pressing operation 
are tabulated in Table XIII. Each press drum full consisted of filling the 
drum, pressing to approximately one-half the volume,and then refilling before 
the final pressing. Pressing v;as not necessary for Ret No. 1 since it had 
dried sufficiently on the floor before the press was made available. 

Shreddingy In order to obtain a more uniform and a shorter drying per- 
iod for the retted material, it was found necessary to break up the numer- 
ous lumps of various sizes contained in the pressed retted material. The 
lumps cake over during the drying process, leaving the center moist thus 
requiring a longer drying time in order to obtain a uniformly dried material. 

The difficulty was eliminated for Ret Nos. 3, Á,  and 5 by putting the 
pressed material through a shredder. The shredder consisted of a wooden 
roll five inches in diameter and 43 Inches long, the surface of v/hich was 
equipped with iron fingers 1/2 inch long, l/8 inch in diameter,and spaced 
1-1/2 inches apart. The roll, located at the bottom of a hopper 12 inches 
deep, revolved at a speed of 690 r.p.m. against a movable board which in 
this case was adjusted to 1/8 inch from the protruding fingers of the roll. 
The shredder is a simple but very effective apparatus for disintegrating the 
pressed retted material and accounted for the 50 percent decrease in drying 
time as well as for the uniformly dried material. 
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FRONT    VIEW   OF   PRESS   USED  FOR  PRESSING 

RET TED   LEAVES 

4"¿. 

1/4' X / 
"U-^ |- STEEL 
-^     '■ 8ANÙS 

FLOOR   2      THICK   LINED   WITH 
SHEET   METAL,AÜD   SUPPORTED 
WITH    FOUR    4   ,<   4 " S 



IX TABLE XIII 
WASHING, PRESSING, AND DRHNG OF RETTED t,i\TERIAL 

DRYING TBffERATn^-l6CP-l65°F 

Ret 
No. 

1 
2 
3 
k 
5 

Washing 
PH of Wash Liquor 
1st Wash iLast Wash 

Jè 

5.3A 
5.U 
5.96 
5.88 
5.31 

6.17 
6.08 
6.22 
6.26 
6.18 

Pressing 
:No, ,of 
Drums 
Full 

5 
12 
12 
12 

Time 
Man-Hours 

10 
20 
18 
18 

Moisture :Shredding 
after : Time 

Pressing:Man-Hours 
%        '.  

71.5 
70.9 
71.5 
72.0 

3 
3 
3 

Time 
in Hrs, 

6 
5 

3-5 

Drying 

No, of Trays 

151 
A5 
99 

117 

No, of Dollies 

17 
5 

11 
13 
11 

aver 

* 



^' Drying > The shredded retted naterial was loaded into bc3xes .and ttanspoit^ 
ed to the. dry kiln building to be dried in a large tray driier having a capac- 
ity of ninety U^  x. 5^ trays, the bottons of which TJere l/U  inch meah wire 
screens. The trays were constructed so that a tier of nine trays ^/ith baf- 
fles in between each tray could be stacked on dollies w^iich weru moved along 
a track into the drier kiln. The kiln compartment was insulated with rock 
wool and designed so that air, heated by means of steam coils, could be oircu« 
lated in either of two directions. The bafflGS"'betv7ee'n the trays provided a 
means of directing the air through the drying material rather, than over the 
surface. The circulating air was passed ^down through the top of the drying 
material for one-half of the drying period and up through the bottom for the 
other half♦ 

Drying data for the five experiments are given in Table XIII. The drying 
temperature was maintained at 160^163^ F., and, the, drying time varied from 
three to six hours. Rets No. 1 and 2, which were not.shredded after press- 
ing, dried in six and five hours respectively. Drying was not uniform since 
many cakod-over lumps were damp in the centers. Rets No^ 3, 4, and 5, for 
which the shredder was made available to break up the lumps, were examined 
at the end of three hours drying time. They were found to"be thoroughly dry 
except for spots in the center of some trays where the screen sagged and 
touched the baffles below, thus preventing air from;passing through; there- 
fore making it necessary to increase the drying timé. " Hov;ever, it may be 
stated that pressed and shredded retted goldenrod can be dried in three hours 
at 16cS-l65^ F., by passing the circulating-air^thróuf^l^ the material. 

Results# The reduction in weights for 'the TiVe retting experiments each 
involving 1200 to 5000 pounds of green goldenrod is^tabulated in Table XIV, 
The decrease varied from 21,0 to 4-1.6 percent on..a bonb dry basis as. compared 

to an average decrease of 50 percent for the ten-pound leaf samples retted 
in the laboratory^for a similar period of time. This difference may be 
attributed to the fact that the material retted at Waynesboro contained a 
large proportion of bloom and stems as shown in the data presented in Table 
XI. This was the best "leaf" material available v/ith the- equipment on hand» 
Because of the excess bloom and stems present in the material used for these 
largo scale retting experiments, they are not comparable to the laboratory 
experiments in which 100 percent leaves v/ere used. Stems and bloom do not 
ret as readily as the leaves. In addition, the temperature- of the retting 
material averaged l¿^to 26^ C,, as compared to 28 to 31® 0., for the labo- 
ratory rets, and indications are that low temperatures have aa adverse effect 
on the action of the microorganisms involved. Frofa the time of the first 
retting experiment in September through the fifth experiment' in December, 
the temperature decreased and the amount of bloom on the plant increased. In 
spite of these difficulties marked reduction in weights were obtainable. 

The leafy portion of the material retted in the large scale; retting exper- 
iments for 18 to 22 days appeared to be similai* to leaves retted 11 to lU 
days at the laboratory. '  ; 
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IX TABLE ÏIV 
REDUCTION IN WEIGHT 

Ret : Chargea to Tanks : After Retting and Drying 
No, :Green:Mois»:BQnè ßry:Kiln Dry. 1 Mois- ! Bone Dry î Reduction in Wt, 

: Wt. :ttire : T/exght : Weight ' ! ture ! Weight : Bone Dry Basis 
: Lbs.: %    :  Lbs. :  Lbs. Î % !   Lbs^ t % 

1 :5002 :55,0 :2251.0 : 1566 , : 8*0 !    ua    5 36,9 
2 :1206 :63,A : A41.4 :  280 î . 8.0 ! !   258  Í U.6 
3 :2078 :56.4. : 906*0 :  693 ! !  8.0  ! ! , 638  : 29,6 
U Î2033 :55.5 : 90^.7 ,:  755 ! ¡5.7 i !   712  : 21.3 
? :2105 :56.8 : 909.¿ :  768 ; ! 6,6 1 !   717  : 21.0 

Ship)5in;g> The dried retted material was shipped in bales^ boxes, or burlap 
sheets to the .Southern Regional Research Laboratory for extraction of rubber 
and for'evaluation of the rubber obtained♦ 

■ ÉXTRíkCTION OF RETTED GOLDEimOI). AMD EVALUikTION OF RUBBER 

The treatment of the retted goldenrod material received from Waynesboro^ 
Georgia, was as follows: Prior to extracting, the material was put through 
a three way separation process in order to obtain an enriched leaf portion. 
This leaf portion was ground and then the resins and rubber extracted with 
acetone and benzol^respectively. The benzol extract (rubber) vjas precip- 
itated with acetone to reduce the resins in the' rubber and then precured, 
compounded, vulcanized, and tested^ 

Obtaining ah Enriched Leaf Fraction» Jn order to facilitate separation, 
the lumps present in the retted material were disintegrated by passing the 
retted material through a hammer mill containing one inch hammers and no 
screen* This.was eápecially necessary for Rets-lto^;l and 2 v/hich v/ere very 
lumpy due to the fact that the material was not shredded before drying♦ In 
the separation procedure the thin long stems and grasé víere then removed by 
sifting through a three mesh screen« The material for Rets Nos•!, 4^ and 
5 passing through this coarse screen was subjected to a three v/ay separa- 
tion in a "cyclone" separator which consisted of a v/ooden box containing in- 
clined compartments for separation of leaf and stem fraction, an air fan, 
and a cyclone in» v/hich the bloom was collected. This three way separation 
procedure was omitted for.Rets Nos¿2 and 3 since the material had not been 
ensilage cut and therefore did not contain numerous short stems• Tabulated 
in Table XV are the results of the separation. Weight of the stem fraction 
includes that obtained by sifting and by air separation when the two proc- 
esses were used. Ret No, 1 contained the greatest portion of stems as would 
be expected since retting included the whole plant. The proportion of stems 
and bloom increased progressively with the remaining four experiments and 
the increase v/as probably „due to the date of harvesting the goldenrod» 

• over 



IX TABI£ XV 
SEPARi'.TI0H OF RETTED GOLDEíIROD « 

o 

Ret î" Fraction 
No, : Leaves - ! Stems !   Bloom !    Total 

Lbs.  ! !    Lbs,  1 !    Lbs,  ■ ! ;    Lbs, ' ' • 

1 î 635.0   ¡ !  946.0  ! !      6 !    1587 

2 : 253.5 :   21.5 ! Negligible !    -275 

3 i 537.0   1 Í  115.0   i ! Negligible ' !   . 652 

A    î 463.0   ! !  ¿43.5   ! !. :. 40. 1    746.5 

5 î 400.0   ¡ !  -306.0 Í. ' A3  ■   . i    749 

IX TABLE XVI 

Analysis of Sebarated I4aterial         : Unretted Control 

Ret ! ,            Benzol Extract              î ! Í    Available Rubber       ! 
No. îLeaf Fractionî ¡Stem Fraction:Bloon Fraction:Totali ! Original MaterialrBçnzol Extract t Rubber Unrecover' 

i    %      i  Lbs. : % 
!    :    j 

! Lbs,-: Lbs,. 
1           •        ( 

! Bone Dry Wgt. t *%        l  *Lbs.! 
î    Lbs,     î     î 

!     ed 
!       % 

1 
2 
3 
4 

: A,12. :■'. 26,1' 
: 5.86 : 14.8' 
! 4,28 ■: 23,11 
5 4.07 :■ 18,9! 
! 3,79 ! 15.2î 

: Ov91 : 8.6 î 1.87 
5 0.52 : 0.1 :  - - 
! 0.52 : 0.6 î  - , 
! 0.91 : 2.2 î 1,87 
. 0,91 : 2,8 : 1.87 : 

: Ö.l :34.8 ! 
!  -  :14.9 1 
!  -  :23.7 i 
! 0.8 :21,9 ' 
t 0.8 :18,8 ! 

! 2251 Í 1,37 î 30.9 
! 441.4 î 3.23 f U.3 
! 906.0 t 2.88 : 26,1 
t 904.7 : 2,27 ■? 20,5 
1    909,4    : 1,65 ! 15.0,1 

t             15,5 
!       0 
!     11.5 
î      7.7 
!       0 

^esin free rubber. 



A siimitiary of the benzol extracts (rubber) obtained from each of the three 
fractions, and that potentially available as calculated from control saiaples' 
are tabulated in Table XVI• Calculations of benzol extract of the control 
samples and leaf fraction are based on resin-free rubbe'r» As noted in these 
two columns, the bulk of the rubber "was recovered in spite of the fact that 
some bloom and a large portion of the stems containing some leaf material 
were discarded« 

Grinding* The íeaf fraction of the separated material as listed in Table 
XV was ground in a Jeffrey hammer mill using one inch hammers and 1/16 inch 
screen. It was estimated that about 85 percent of the ground material would 
pass a 40 mesh screen. All control samples were ground in a Ball and Jewell 
mill using a l/32 inch screen. Preliminary grinding using a l/8 or l/l6 inch 
screen was required for all controls except Ret No. 2 due to the presence of 
some stems which caused difficulty in grinding with the l/32 inch screen in 
the mill« 

Extraction of Retted Goldenrod. The ground retted goldenrod from the.five 
retting experiments was extracted in the pilot plant system in order to ob-' 
tain sufficient rubber and extraction data for evaluating the retting proce- 
dure« Ample ground material was obtained from the various rets to make the 
following extractions: 

Ret Cell Extractions 
No, liade 

1 10 
2 4 
3 8 
4 7 
5 6 

Average Wt. of Charge 
Per Extractor 

63.5 lbs. 
61.5 
67,0 
Ö5.0 
66.0 

»« . 
64#6 lbs. average 

The above figures show that the maximum average charge of ground retted 
material for each extractor was 64«6 pounds. Seventy-five pounds of ground 
and screened goldenrod material from the general harvest was the maximum 
which could be charged to an extractor. These results indicated that the 
average density of the retted material was 86.2 percent of the ground and 
screened goldenrod material from the general harvest. 

Since the extraction system was in continuous operation during the extrac- 
tion of the retted material, several extractions remained under solvent over- 
night. However, this period was not considered as part of the extraction 
time for either the acetone or benzol extraction. All extractors for each 
ret were given six hours of continuous extraction with acetone. The benzol 
extraction time was varied in that each extractor of Rets Nos^ 1, 2, and 4 
was extracted continuously for 12 hours, whereas for Rets Nps. 3 and 5, the 
total time of continuous benzol extraction was nine hours. Two extractors 
were in the acetone cycle and three in the benzol cycle. The temperature of 
acetone extraction was maintained at 140° F., and of benzol at 170^ to 175^P# 

over 
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Acetone flov/ through the retted material in the extractors at a rate of 
100 gallons per hour was maintained for Rets 1 and 2* The rate v/aS reduced 
to 75 gallons per hour for Rets 3^ 4» and 5 due to the development of pres- 
sures up to 50 pounds per square inch with flow rates above 75 gallons per 
hour as compared to a normal value of 15 to 20 pounds per square inch and 20 
to 25 pounds per square inch for 75 gallons per hour* Ebccessive pressure on 
the system tended to cause solvent leakages at the gaskets in the extraction 
battery. It is believed that the higher pressures for Rets 3, U^  and 5 Bay 
have been caused by formation of an impervious film on the filters in the ex^ 
tractors by the bloom present in the rotted material* For the benzol ex- 
traction^ the rate of flow of benzol through the retted material v;as maintain* 
ed at 4.0 to 4.5 gallons per hour* The pressure did not deviate from the nor^ 
mal value of 15 to 20 pounds per square inch* 

The results indicate that a 12 hour benzol extraction at the rate of 40 to 
50 gallons per hour maintained at a temperature of 170^to 175^ F*, is suffi- 
cient for completely extracting the rubber from ground retted goldenrod mate* 
rial* However, a nine hour extraction time is not adequate as shown by the 
"efficiency of extraction»» in Table XVII for Rets Nos ,3 and 5.    The resin 
content in the crude rubber varied from 4*9 to 10.4. percent which is lA to 
1/2 that present in the crude rubber of the general harvest goldenrod* This 
indicated that a six hour acetone extraction time is sufficient for resin 
removal* 

Extraction data for the ret control samples are tabulated in Table ÎVIII, 
Resin content of the benzol extracts obtained from the five retting control 
samples ranged from 5.9 to 48.0 percent« The high resin content and the 
titration value of ret controls 3^ 4^ and 5 indicated a rubber of poor qual- 
ity. Therefore, the extraction of these control samples was repeated and the 
benzol extracts were acetone precipitated prior to evaluation* Significant 
coraparisons cannot be made betv/een the controls and the pilot plant extracted 
material due to the presence of excess resins in the control and to the fact 
that a large portion of stems and some bloom were removed from the retted 
material prior to extraction* 

Purification by the acetone precipitation procedure consisted of adding 
the benzol extract to three volumes of acetone in order to precipitate the 
rubber and remove most of the acetone soluble resins* • The resin content of 
the rubber from the pilot plant extracted retted goldenrod was reduced from 
an average of'8.0 to 1.7 percent. For the control samples the resin content 
was decreased from an average of 15.2 to 6.6 percent as shown in Table XIX. 



u  TABLE XVII 
SUMMARY OF PILOT PLANT EXTRÍ.CTIQN OF RETTED GOLDBimOD 

I      Ret No.  1 :        Ret No.  2 :        Ret No.  : 3 !        Ret No. 4. :         Ret No. 5 

: P. P* 
î Ext.-)^ 

t Analytical 

î     P.     Pa 

:Analytical 

: P. P. 
: Ext,* 

:Analytical :            :Anal.ytical; S Analytical 

: Raw 
îMate- 
:rial 

;Re3- 
:idue 
:P«P. 
:ExtÍ 

: Raví 
íMate- 
rrial 

:Re3- 
:idue 
:P.P. 
jExt* 

: Raw 
îMate- 
rrial 

:Res- 
!idue 
:P,P. 
:ExtÍ 

* • • • 
:            : Raw 
: P. P.:Mate- 
: Ext,*:rial 

îRes-: 
:ldue: 
:P.P.: P. P. 
îExtÎ: Ext.* 

i          :Res- 
: Raw  :idue 
tlááte-sPaP^ 
srial  :Extí 

Total lbs. 
material ex- 
tracted 

Í635 5 246 :537 î í455      1 
t 

i. 

i        :396      . 
i.           ! 

î           t 

Percent 
moisture in 
material 5 

: 5-43 :9.A0 :    ^^32 : itn32 Í9.I8 :    5.62 ! 5.62 Í9.25' 't    5.32' t 5.32Í Î2.83. ï    2.A3 i 2,43 : 2.71 

Total lbs. 
material ex*»' 
tracted 

i600 î236 ¡506 

t       „ ¡ ! 

¡430     • 
! 

Í          i 

Í386       ! 

!                 ! 
! 

Lbs, of res-J 
ins extract- 
ed                   Î 

i 73.B U25 
j 

"101.5  i i 67.5  ! 
!                  î               ! 
!   51.0   t 
*■                                  *                             1 

1                                    •                              t 

Percent res-J 
ins - as is  - 
basis              : 

I 11.6 . 
î 
íl0.35Í i  .90 i 17.3  ! a7.9 î .A.I2Í . 18.9 i 15.2  i tl.25Í ,12.A0! 

! 
1.23! 

4 
1 

!   12.9   ! 

.... , 

rl2.75Í 
! 
! 1.44 
t 

Percent res-: 
ins - M;F.B*i i 12.3  i ill.O i íl.OOí ' 18.0 ! .18o7  : A»5^! 20.Í  ! 15.8  ! .1.37! 

î 

15-7  î 
t        : 

(13.10:1.27! ,13.2 J 13.05î 1.48 
BENZOL          Î 
EXTRACT        Î ;           : ! j ! 

: ; t          t        t 
t          t        2 

t          i 
-•                     • *                     * 

Volume«          : 
gallons          : 1Ö.0 : 8a2î # • 13.A5: 

:          s        : 
10.2 :          ;        : 7i42:' 

: 

Total solidsj             î 

ßms/cc            : 17.5  : 17.3 i 
: 
• * 20.3 : : 

: 
: 

• • • • 
22.05Î          : 

« a 

• • 23^2  i 

ovor I 



': '     , IX TABLE XVII-con«t. / 
SUMMARY OF PILOT PUNT EXmaCTICa? OF RETTED GOLDEHKQD 

RetNo. 1 

P- Ï. 
Î Ext."^ 

Lbs^ of 
Cyude Rubber 
Percent res- 
ins 
Lbs* of res- 
in-free 
rubber 

26.23 

7.5 

2U.3 

Percent res-j 
in-'fi^ee 
rubber^as is 
basis 
Percent res- 
in-free 
xnibber-M^F.B 
Efficiency 
,0f 
Extraction 

3.83 

U.05 

^Analytical 

Raw 
¡Mate- 
irial 

3*90 

Res- 
idue 
P.P. 
iExtî 

\'K 

4.12 .57 

Ret No. 2 

P. P. 
ESct»* 

11.72 

8.1 

10.^77 

4.38 

¡Analytical? 
Ret Mo. 3 

sRes-î 
Raw :idue: 

:Mate-îP.P.i P. jp. 
rial îExtîî Ext,* 

{Analytical 

5u,60 

4.57» 5.86 
! 

I 78,4 
: 

.-.73 

.81 

22.8 

4.9 

{Res- 
Raw :idue 

fMate- :P.P. 
rial îExtî 

21.7 : 

4.04 

4.28 

4.04 .67 

Ret No..- ^ 
{Analytical} 
{ :Res-i 
: Raw îidueî 

P. P.:Mate-iP.ï>.} P. p. 
Exf.*}ria:l îEx'ttt Ext.* 

Ret No, 5 
} Analytical 

{Res- 
Raw {idue 

iMate-{P.P. 
rrial tExt. 

: 
18.8  Î Uá^ 

12*á-L 9.1 

16.83{ s 13.01 

•3.7i; 3.85* .67*   .3.29 

4.28 

îlOO.O : 
í î 

.74:    3.92Í 4.07î ,68:    3.37 
^ ? : :        : 

X 

i"96.5 ï t 89.0- 

3.70* .62 

: 

3.79{ .64 

*P. P. Ext. = Pilot Plant Extraction 

•tí 



IX TABLE XVIII 
RETTDTG GOIITROL SAMPLES 

Ret     -; 
Control : 

No.      : 

Laboratory Extractions                                 :                     Analytical Results..,.   _ 
Acetone Extract :                    Benzol Extracts                        : Benzol        i          Raw          : Residue alter 

: Extract      :    Material      t      Extraction,^ 

Resin  ! Resins 
! Avg, % 

: Crude    ; 
: Rubber 
:      %        1 

¡Rubbör ' 
: Avg,     ! 

Rubber  ; 
! Resin- 

iree    ! 

Resin: Resin: Ti-  s 
¡after : tra-■ 
,Acet,: tion! 
1 Ppt;:Value¡ 
,     %      t              ! 

Vis- díois-Î 
\ eos- ïture 
. ity :          s 

:          í 

 ._.,. '-.i_i 

Rubber  : 
! Resin-' 

free   ,: 
, Avg,    1 

f'   ,.J 

Ace-: Benaol 
Î tone • Extract 

tract: 
X,,.,?, % ■  

1     ! 1    5-7    ! 
.      6.1      ! 

:    5.90 
:    1.47    ! 
!    1.87    i 

'  ic67 ; 1.41    ' ■15.3 ; '     ; ^-75j 0.664j 4.42; ' 1.37 : 
i 

2,00í    0.18 
2.01:    0.21 

2        ' ! U.25 . 
1 13.86 

; U.06 :    3.54 
i    3.30 

;   3.42 • : 3.21 Î ' 5.9 ' 
« 
i 

i 
4.75; 0.679' 1 ^''^^\ : 3.23 ' 

4.07í    0,29 
1 3.23:    0.50 

3    ; 
! U.63 i 
! 15.81 

: 15.22 :    3.36 
i    2.96 

;   3.16 ; ;   2,82   ; ;i0o7 ; ; 
* 
; 4.90; ;o.668; ; 7.35; ' 2.88   ; í 2,86! 

1 2,441 
0.63 

í    0.72 

k 
!    9.30 
!    9.06 

: 9.18 :    3.57 
!    3.84 ; 3.74 : : i»96 ; :47.7 ; !               i : 5.05J ;o.658; 1 6.36; ; 2,27   ; 1 3.82 

! 2.85 
!    0.70 
!    0.70 

5       ' !    8.AA 
Í    9.^9 

;    8.97 :    2.93    ! 
r    3.49 

: 3.21 ;   1.67   ; ;48.o ■ 
!              ! 

: 4.90; ;o,659; ; ^♦56, : 1.65 ' ! 4.55 
! 4.06 

!    0.39 

.3 
: 16.11^ 
! 16.50 
t 15.23 

i 15.95 ':    3.36 !    2.78 ll7.3 * i   8.0 t 7.35' •2,88 

1                    • >                    « 
!          : 
;          : 

U       i 
! 11.28 
Í 11.02 
: 10.25 

! 10.85 '■   2.67 :    2.12    , Í20.6 'i 7.9 i 6.36 
!                    í 
í 2,27    : 
1                             • 

5 

: 
» 

^       , 
! 10.89 
! 11.92 

; 11.a 
! 

;    2.21 ;   1.87 ;i6.7 ; 4.0 
Î 

! ; 6.56 
1              • • 

over 
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IX TAËIE XIX' 
PERCENT RESIN CONTENT OF .RUB-BER^-JE BENZOL EXTRACTS 

Ret 
No^ 

Retted Material Control- 
Before 

Precipitation 
After  . I  ; Before    : :  'After • 

Precipitation;Preçipitatlon2 Precipitation 

The lower resin content of the rubber from the retted matei'ial -as-compared 
to that of the control can be attributed to tv/o-factors; first,'retting^-de-^ ,, 
creases the resins in the goldenrod material, and'second,#a large^roportioh ^ 
of stems and some bloom both of which contain resins and non-rubber benzol 
extracts were separated from the-retted material before extraetibn*- 

Compounding^ Vulcanization^ and íesting,> The rubber from the ret control 
samples extracted in large Soxhlets was pot cured and compounded according,, 
to the standard laboratory procedure. At the time that this .work v/as con- 
ducted, the standard compounding formula was based on a crude rubber basis# 
Since then, formulas have been recorded on a resin-free basis, therefore, - 
the formulas for the control samples were calculated and recorded on a reßin- 
free basis* Due to the high resin content in the rubber obtained, milling 
T^as very unsatisfactory for control samples from experiments 3^ A^  Qnd 5 as 
shown in Table XX.    The vulcanizates obtained viere  also poor dn the same 
experiments» In order to obtain satisfactory rubber evaluation, it was nec- 
essary to repeat the extraction, vulcanization and testing for control sam- 
ples 3^ Ay  and 5^ the benzol extracts of which were acetone precipitated so 
as to reduce the resin content. Also recorded in Table XX are the compounding 
formulas, vulcanization,and testing data. The tensile strength shovfed an im- 
provement with the three acetone precipitated*control samples, but, in gen- 
eral, all were low and only four cures attained the tensile strength of 
1000 p.s.i. Tread stocks were not prepared due to the inadequacy of control 
samples. 

The rubber obtained from the pilot plant extracted retted goldenrod mate- 
rial and purified by the acetone precipitation method was evaluated by using 
the standard laboratory compounding formula and vulcanization^procedure. The 
purified rubber was redissolved In benzol and 650 gram, amounts from each of 
the five retting experiments were precompounded by the solution, method. The 
chemicals,added to the benzol rubber solution and those added on the mill,are 
recorded in Table XXI. Benzol removal and procure ^reré conducted in a Loomis 
jacketed mixer of lA gallon capacity. Milling was very satisfactory with 
rubber from all five ret experiments; however,;with the exception of the tread 
stock from Ret No, 3, both the gum and tread stocks handled and sheeted better 
on cold rolls. A complete series of gum and tread stock vulcanizates v;ere 
made and the vulcanization and testing data recorded in Table XXI# 



IX TABLE XX 
RET nOWTRCa.S.VULCANIZA.TIQN AND TESTING DATA COMPOUiroiHG FORMUIJURESIN FREE BASIS 

' I, II    I   I       III I  -11 •  I.      •      I 

Resins in crude rubber   % 
Rubber-resin free gms 
Rubber-resin free 

^Resins-incl^ v/ith rubber 
Sulfur 

parts 

Thiotax.  
Zinc Stéarate 

Ret 
Control 

No. 1 

26.7 
.litl 
22.6 

100.0 
18.1 
4.13 
1.18 
6.50 

Flectol-H 1.18 

Ret 
Control 
No. 2 

42.7 
5.9 

40.2 
100.0 

^±1. 
3>72 
1.06 
5.84 
1,06 

Ret 
Control 

No. 3 

38.8 
10.7 
34.6 

100.0 
12.0 
3.92 
1.12 
6.17 
1.12 

Ret 
Control 
No. 4 

{    Ret      :    Ret      :      Ret 
Control rControl  t Control 

No. 5    : No. 3    :    No. 4 
i Repeat  î Repeat 

4^.6 
47.7 
23.3 

100.0 

36.1    ; 56.115 
48.0 8.0 
18.8 51.63 

100.0    jiOO.O 
91.3  t    92.2    I    8.70 
6.70 Î      6.72 t    1.90 
1.918      1.92  i      .54 

10.531   10.56  t    5>98 
1.91;     1*92 î   1.09 

Jäs^ 
7.9 

43.75 
100.0 

8.58 
1.90 

t5á. 
5.97 
1.09 

Ret 
Control 

No.  5 
Repeat 

Added on Mill 

23.38 
4.0 

22JU, 
100.0 

4.17 
_li82_ 

.52 
5.73 
1.04 

Thiotax parts î î                 : • • i '.,,   .54,   ! í .     .54 : .52 

f   Sulfur n i                :-               ;                î »                                                     4 i   1.90..,! í      1.90 : 1.82 
Zinc Oxide « 6.50:: 5.84: 6.17i 1       10.53' !    10.56 j '  , 5,98    ! ' 5.97  : %v 
D.P.G^ It     j .59:  , , ,.53: . .56! 1 !                       ! '.       f 54 : 

over 

u 



IX TABLE XX-con«t. 
RET CONTROLS-VULCANIZATION AÎ© TESTING MTA 

: Cures 
: Minutes 
:at 260« F 

: Modi-ilus at i,Max. T. S. 
;  psi. 

: Ult. • 

- 
: 300^ :500^ îElong, î           Remarkö 

• 
■ 

Ret Control No. 1 

:   10, 
:   20 
:   40 
;   60 

^ 235 
: 235 
: 315 
:315 ■ 

5 550 
: 705 
Î 745 
! 705 

:   860 
:  1020 
:   860 
:   940 

î 600 < 
! 575 
! 550 
i  550 , 

5 Quite dry in milling but satisfactory 

t 

I 

Ret Control No. 2 
:   20 
:   40 
!   60 

: 130 
! 210 
! 210 

i  330 
: 400 
! 400 

:   770 
:   920 
Í   830 

! 675 
! 650 
s 600 

íGood milling - somewhat spongy 
» 
î 

Ret Control ^No. 3 
:   20 
!   40  ! 
Í   60  ! 

! ¿5 
! 65 > 
! 135 : 

Í 235 
Î 260 
! 330 

t  435 
8  330  . 
!   400 

¡600 ! 
! 550 , 
t 525 i 

Ret Control No. A    . . ^^-. Î   40  ¡ 
!   50 

Ï    : 
»      ■   ♦        i *                        • 

!  < 45   i 
!  <35   i 

! 100  ! 
î 100 "i 

îMilled like clay - doughy - no tack ^ 
ihl^h  resins                 

Ret Control No. 5 !   40  ! 
L 50 Î 

r t  <30   ! 
.  <35   ! 

! 100  J 
i 200 1 

^No tack, doughy - high resins -• 
tvulcanizates leathery.    ';   -' - V" 

Ret Control No. 3 Repeat !   20  j 
= ,.._,.,A0   ! • 105 ! 

138 ! 
370 ¡ 

!    138    ! 
!   1000    ! 

t 50'a ! 
' 650 ! 

.Soft -. vulcanízate contained, bubMe's /" 

Ret Control No. 4 Repeat ! 
!    10   ! 
:   20  ; 
1   40  : 

■ 90 ! 
.140 ; 
210 : 

. 455 i 
560 ! 

;   120   ! 
!   915 " ! 
1   7Ö0   ! 

4ÖÖ ! 
67'5 î 
525 s 

Milled, well, sheeted, but vulcanizateß 
were .poor^         .    * ~ -  - 

Ret Control No. 5 Repeat ' .20  : 
40  : 

105 : 
205 : 

275' : 
555 î 

690   ! 
1000   : 

675 iVery sticky, gummy - difficult to'get- 
650 , îoff,.rolls:              :   - 

■-r:fS 

0»5 Part D.P.G.Added 

Ret Control No. 1 

Ret Control No. 2 

Ret Control No. 3 

Ret Control No. 4 Repeat 

10 
20 
15 
30 
45 
20 
40 
10 
20 
40 

200- 
235 

640 
705 

130 
160 
185 

: 380 
: 400 
: 490 

60 
145 

175 
400 

135 
205 
215 

400 
620 

960 
1020 

600 
550 

960 
670 
800 

650 
575 
550 

260 
400 

525 
500 

400 
620 
430 

500 
500 
42^ 



All cures were made at 260*^ ?♦> with the curing time ranging from 10 to 
4,0 minutes. The tensile strength, elongation,and modulus of the tread stocks 
compare favorably v/ith similarly compounded and vulcanized rubber from the 
general harvest goldenrod* Although the gum tensile .strengths are scxaewhat 
lower than that of the general'hai*vest rubber, they are much higher than the 
laboratory pot cured controls. Appreciable differences in, tenaile tests 
among the five retting experiments are negligible Vi^ith.the possible exception 
of the gum stock from Ret No. 2 which vms lov;er than the other, four rets. 

SUMMARY 

1. ' An anaerobic-aerobic retting procedure utilizing diluted sludge as in- 
oculum has been developed as an aid in the recovery of rubber from goldenrod. 
Aeration and mixing of the retting mass proved helpful to the.process. 

2. Retting reduces the dry weight of the goldenrod leaves/by at least 
40 percent in lûboratoï*y experiments, and 21 to 36 percent on large scale 
experiments consisting of 1200 to 5000 pound mixtures of leaves, stems and 
bloom. The resin content of the leaves is reduced approximately 50 percent» 

3. Pressing and shredding of retted material decreases by one-half the 
time required for drying. 

4.. The rates of extractions for resins and rubber by acetone and benzol 
show., that retted goldenrod material can be extracted in \/k to l/3 the time 
required for unretted goldenrod. 

5^.. .Rubber extraction of-retted material is more thorough than extraction 
of unretted goldenrod as indicated by microscopic and analytical examination. 

6. The quality of rubber obtained from retted material is superior to 
that obtained from unretted control samples of goldenrod. 

•        over 
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IX TÂBIS XXI 
VÖIflANIZ&TlON AND ÎESTIHO MÍA OF RIBBER FROM RETTED GOl^ENROD MATERIA^, 

Chemicals Added Ifi Soluticyn 
Compounding Formtilq, 

Rubber, resin free 
Sulfur 
Thiotax 
Zinc Stéarate 

.P.O. 

iMii, 
Chemicals Addec^ on !^1^ 

100.00: Sulfuj? 
0,60: Thiotax 
0.75: D.P.G. 
5,50: Zinc Oxide 
0.30: Carbon ^ ^for tread,stock) 

Phyaical Teal^in^ of Rubber 

Tread Stock 50 Parts,Statex 

Ret 1 

Ret 2 

Ret 3 

Ret A 

10 
20 

10 
20 

1000 

1700 

10 
20 

10 
20 

M. 

920 
UBO 
1770 
"ösö" 
UOO 
1705 , 

2070 
2A55 

2P40 

25^0 
2455 
.2g^ 

2000 
2600 

2635 
2805 

865 
1^5 
171Q 

2070 
2590 

2U0 
2600 

2630 
2590 

575 
500 
375 
600 
475 
3¿0. 
600 
500 
¿00 
625 
500 

J2¿. 
Ret 5 

10 
20 

.10. 

: 1000 
s liU5 

2130 
2620 

2ÓÓÓ 
2620 
Í5á0. 

600 
500 



The purpose of thla work was to stui^y the ensllixig of green goldenrod as 
a ready, practical aeans of storing and preserving this crop In the ab- 
sence of air and Xight for a,considerable period after harvesting and to 
determine whether the ensilage process has any degrading effect on the quan- 
tity and the quality of the rubber obtainable« 

Preliminary ensilage studies nere made in the laboratoiy before large 
scale field experiments were undertaken« A detailed account of this prelim«* 
inary work is given in the first part of this Sectiotti and th^ reiaainder of 
the Section deals with the large scale experáinental runs and includes stor- 
age, rubber extraction, and testing data obtained« 

HUELBilK&ftY lABCRATORY EXPERIMENTS« Ko fre^h goldenrod material was 
available for these experiments at this time and dried material was used 
instead« Two 1-kg« batches of air-dried whole goldenrod leaves, identified 
as GRG-75 or AO-6219f were wetted with sufficient water to api^'oximate a 
moisture content of 62 percent« The assay on the air-dried goldenrod used 
in this experiment follows: 

% Moisture     % Acetone Extract     % Benaene Extract 
As rec«d   M^F.B,    As rec'd   M«F.Bé 

%A5 15.4    17.0      5.1 6^0 

The wetted batches were bottled and sealed, with only a tube outlet 
which was kept under water» The ensiling proceeded. In complete darkness^ 
for a period of thirty-four days« The ensiled material was then air-dried 
in a circulating-air room, by spreading in a thin layer over a large sur- 
face« The pH of the material, taken prior to air-drying, was found to be 
5«3 in run A and 5.1 in run B« Some of the drying data follows* 

Run Wt« of Wt^ of Air-dry matter (g)  Moisture-free matter % Loss 
wet   wet  Orig« g*rod. Ensil- Qrig« g*rod* Ensile in dry- 
leaves enéil* age age  weight 
(g)   age 

(g) 

A   2420  2354     1000    901     906     824    9«01 
B   24?0  2363     1000    902     906    ; 828    8«50 

Ensilage ^A" was extracted without grinding. Ensilage •'B'* was extracts 
ed after grinding through a Wiley mill using a l/l6" screen^ The extrac-i» 
tiem procedure Consisted of 24 hours of acetone extraction to remove 
^resins** The residue was then nearly freed from acet<»ie and then ex- 
tracted for 24 hours with benzene to obtain ^rubber«" The cOTiventional 
analytical procedure was also run c» small (5 gram) finely ground portions 
of the ensilages to determine what the ultimate values.would be« The 

over 
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results follow: 

ACETONE EXTRACT BENZENE EXTRACT 
«Analytical" "Large Scale"* "Analytical"    «LargèaScalë«-- 
As         As As           As 

rec'd M.F.B. rec'd M.F.B. rec'd M.F.B.   rec«d M.F.B. 

RUN 
A \ihole    15.6 17.2 17.9 19.5 U.k A.8 3.1 3.3 
B Ground 15.1 16. A 16.5 17.9 4.5 4.9 A.8 5.2 

(*) These four values are all probably higher than the true values. Es- 
pecially in case "A", it is believed that the solvent vras incompletely re- 
moved. The "resin" contents and yields from runs A and B were as followsî 

Rubber from       % Acetone     % Yield (as resin-free rubber) 
Extract ("Resin")    As rec'd        M.F.B. 

Run: 

A 16.5 2.5 2.8 
B 13.5 4«1 ^»5 

It will be noted that extraction of the ground ensilage not only gave 
more rubber but also a better rubber than extraction of the whole ensi« 
lags. Assuming the "analytical" figures to represent "resin-free" rubber, 
and using the "resin-free" yield values, extraction efficiencies of 58 per- 
cent for run A and 92 percent for run B were obtained.' The high efficiency 
of the extraction on ground material indicates that ensilage has definitely 
increased the "availability" of the rubber present^  This is further in- 
dicated by the efficiency obtained on the unground material. 

Ihen vulcanizates of these rubbers were made, it appeared that the more 
impure rubber gave the better tensile with D.P.G, However, by the stan- 
dard formula, they both gave better tensiles than the best yet obtained 
on unensiled GRG-75. It must be noted that all the tensile strengths shown 
below are probably not the best obtainable, due to inadequacy of the 
amounts of rubber available in every case. Tensile strengths were as 
follows : 

Vulcanization   Rubber from   Rubber from    Rubber from 
Method     raw goldenrod whole ensilage  ground ensilage 

Standard 1000        1240 1350 
With D.P.G.       No run       I860 1685 

In order to more nearly complete the study of the effect of ensiling, ana*.;- 
lytical determinations of total nitrogen, non-protein nitrogen, and total 
sugars were run on the unensiled and ensiled materials. These values ex- 
pressed as grams per kg. of the original goldenrod material are given 
below: 
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Summary of Analytical Resulta on Ensilage Experiment 

Before  After 
Ensilage Ensilage 

Run A Run B 
■   (Whole) ' Cgrouni^) 

906 : 824 828 
22.6  21.1 22.0 
5.1   7.6 7.3 

51.5  13.7 : 12.7 
54.0  39.5 40.6 
29,2» 23.1.; 37.3 

ber yield of 3^%  (resin content 

Dry Matter 
Total Nitrogen 
Non-protein Nitrogen 
Total Sugars (as invert) 
Rubber content (by analytical method) 
Resin^fTee Rubber (large scale extr«) 

(*) This figure calculated from a rul 
of rubber == 11»6^) 

CONCLUSIONS: 

1, The grinding p^^operties of the ensiled material were very superior 
to those of the raw goldenrod, with a marked increase in grinding speed 
being most notable. Even very fine grinding was accomplished with prac- 
tically no gumming♦ 

2. The analytical figures indicate that the rubber content was appar*- 
ently reduced during ensilage. However, in spite of this drop in rubber 
content, the "availability" is increased^ This is well illustrated by the 
fact that the net quantity of rubber obtained from one kilogram of golden- 
rod is greater after ensilage than before, when extraction is conducted on 
material ground in-the same ?/ay. 

3t It is sho\m that the- total sugars content was greatly reduced due 
to ensilage* 

A.    The total amount of nitrogen remained unchanged but an increase in 
non-protein nitrogen was evident in the ensiled material, 

URGE SCALE EXPERIMENTS 

Two large lots of goldenrod material of selection 3S79^ X943 crop, were 
ensiled at Waynesboro, Ga., in semi-farm-size concrete silos and six barrel, 
size lots were prepared after encouraging results.obtained in preliminary 
silage experiments conducted in the; laboratory had indicated no apparent 
weight loss or reduction of quality of the rubber present due to this stor- 
age process♦ The ensilage was stored under optimism moisture* conditions, 
until fermentation was substantially complete^ after which the material was 
dried, fractionated in some oases, and then ground and extracted for eval- 
uating the rubber quality as compared to. that contained in control or check 
samples of the same material which had been <îried at 1^5^ F^ without 
ensiling. 

^ over    ' 



Fifty-gallon steel drums with air-tight removable steel lids were used 
as storage silos for the small batches* The raw material used for filling 
the drums was freshly harvested whole goldenrod plant including sterns^ 
leaves, and blooms • This ?/as chopped up in a Pa pec cutter in lengths not 
exceeding 3A In. and immediately packed as tightly as possible in the 
drums and held down with a number of slatted wooden cross pieces so arrang- 
ed as to provide free unrestricted exit of the gases produced during the 
fermentation, and thus eliminate any possibility of bulging of the drums» 
A vent hole with threaded connection was then fitted into the center of the . 
lid for connecting a glass or rubber tube to a small water trap or seal for. 
excluding oxygen and also for observation of the rate of evolution of the 
gases, mainly carbon dioxide, from the fermenting material« Firmentation , 
was considered practically complete after a period of BO^MO nnysy  with the .. 
moisture content previously adjusted to 60-65^^ whereupon the drum vent 
hole was sealed and the barrel»made ready for shipment to the Cuuthern. 
Regional Laboratory for drying, separating, extracting, testing, etc. 

Drums 1 and 2 were' ensiled on Xug.ll> I9U3, with whole goldenrod plant 
material which was Papoc cut into 1 in, pieces^ This material was not^ 
separated to remove stems and contained very little if any bloonu After 
fermentation was reasonably complete, the sealed drums were shipped to the 
Southern Regional Laboratory for drying and extracting in the laboratory 
and pilot plant* Similarly, drums 3 and A (combined) and also drums U and 
5 (combined) were ensiled on October 22, 1943» D^rums 3 and A were filled 
with lAole green plant material harvested while the crop was at bloom stage 
and contained a considerable portion of stems and bloom^ Drums 5 and 6 
were ensiled on the same day with the same crop material as drums 3 and 
U.    Drums 5 and 6 were marked "separated^ to indicate that the green con- 
tents had been air-separated prior to filling, for removal of a portion'of 
the stems and bloom and other non-leaf material* The four drum silos were 
sealed without further treatment following the necessary silage period and 
shipped to New Orleans for drying and laboratory extraction for evaluation 
of the rubber* . 

After successful extraction of high quality rubber in the pilot plant 
from drum silages 1 and 2, two large scale storage runs were begun at 
Waynesboro* On November 27, two concrete silos measuring 5* diameter by 
8^ high were filled using selection 3379 harvested from early planted well- 
developed stands* The raw stock at the mature stage contained a high per- 
centage of stems and bloom and some of the bloom was chopped off before 
feeding through the Papec cutter set at 1 in. cut. It was necessary to add 
approximately 50 gallons of water to the contents of each silo in order to 
boost the moisture content, up^ to 605S* The water was sprinkled continuously 
through a perforated can onto the stream delivered into the silos from the 
cutter* A fairly representative running sample of about 75# of the con- 
tents of each tank was collected by taking equal random "grab" samples at.; 
regular intervals during the loading. The total charge (including the 
water) filled into each silo vms 3U3# for No* 1, and 3366rf for No^ 2* The 
silos were then satisfactorily sealed using a properly formed earthen seal 
and this protected with a suitable weatherproof roof covering* The control 
samples were dried "as is" and shipped to New Orleans* Both of the silos 



lap. s 

Y/ere unloadod after ensiling approximately 72 days and the contents dried 
at 165^ F» in the large kiln drier at Tfeynesboro. Further details of the 
handling of the dried ensilage is given later in this text. 

The sealed drums of ensilage goldenrod r/ere opened promptly upon receipt 
at the Southern Regional Laboratory and were inspected carefully. In gen- 
eral, the material at the very top (approximately 6 in,) of each drum was 
very moldy and that at the bottom and along the aides was rather black and 
those portions were discarded before drying, but the remaining bulk of the 
ensilage was of a brownish yellow color. The material from each drum was 
dried separately (see table belov;) in a tray type drier at a temperature of 

Drum Material Before Material After Loss in Drying Drying 
No. Drying Drying ïieight Time Temp. 

Net ïït. # Not lït. # % (hours) Of. 

1 U6.5 52.0 U,U 10 143, 
2 136.5 5A.0 60.4 15.5 ^  143  ,. 
3 202.5 82.5 59.3 24 ■    145 
A 212.5 85,5 59.9 24 145 
5 201.0 76.5 61.8 23 1A5 
6 185.5 70.0 62.3 26 145 

The dried ensilage material from drums 1 and 2 was combined and ground 
"as is" for laboratory analysis and testing and for pilot plant extraction. 
The dried material from drums 3 and 4- v;as combined and was then processed 
through an aspirâtion*box type air-separator equipped T^ith a cyclone for ,, 
fractionating or removing as much as possible of the stems»and bloom'and 
other non-leaf material, A fairly good separation of the leaves,.stems and 
bloom v/as obtained by repassing the leafy portion successively for obtain- 
ing a concentrated leaf fraction which was finally ground for extraction' 
later on. The identical procedure was carried out for-the dried ensilage 
from drums 5 and 6, The following table shows a breakdoxvn of the .separ- 
ation^ effected in both cases. 

Before Separation After .Separation 

Drum No.   Dried Material       Bloom   Stpfns . Leaf (impure) 

1 & 2     Was not separated       •   ^.  '*-* \     *•    . ; .^ 
3 a/, 119,5 17,5  28y5     73*5  . v ^ 
5&6     153.0    ' 12*0.:  7/i„0'    65.5 . ,. ^   - 

It v/as originally planned that control samples would be taken of each . 
drum for the purpose of evaluating the rubber quality :before and after the 
ensilage process but none VQVQ  received at the Southern Regional Labora- 
tory, 
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The ensilaged material from both of the large silos 1 and 2 was dried 
separately at Waynesboro in the kiln drier at 165^ F» and then was separ- 
ated with air-flotation equipment to scalp off a portion of the coarse stem 
material and some of the light chaff and bloom. It was finally balèddand 
shipped to Ne\? Orleans^ v/here it vms subjected to further air-separation. 
The baled dry material from the two silos was combined and H14# v/ere con- 
centrated ^down to 1014# of a fairly concentrated leaf material fraction by 
removing 336# of stems and approximately 60# of bloom, etc. Successive 
fractionation of the material in this way resulted in a considerable weight 
reduction and consequently an increased rubber content for final extraction 
in the two-solvent pilot plant extraction system. A 4,Q# control sample, 
representative of each silo, was dried at Waynesboro after loading of the 
öilos and v/as sent to the New Orleans laboratory for determining the possi- 
ble rubber degradation during storage. 

The dried engilage material from the various drum and concrete silos was 
ground as folloirs s 

Drums 1 & 2. Ground once through a Jeffrey hammermill with 1" hammers and 
a 1/32 in. screen. 

Drums 3^ 4^ 5^ & 6. Gro\ind once through a Ball and Jewell mill with I/8 in. 
screen and the first grind repassed through a l/32 in. screen. 

Dnam Silo Controls. None received. 

Concrete Silos 1 & 2. Ground once through Jeffrey hammermill using 1 in. 
hammers and I/I6 in. screen. 

Concrete Silos 1 & 2, Controls. Ground once through a Ball and Je?/ell mill 
with 1/8 in. screen and first grind repassed through a 1/32 in. screen^. 

Pilot plant extractions were not made on all of the ensilage silos and 
controls as was originally contemplated but significant data obtained on a 
substantial bulk of this material indicated that goldenrod rubber quality 
w^s apparently not noticeably affected by ensiling. Separate pilot plant 
extractions and tests were made on drum silos 1 and 2 and on concrete silos 
1 and 2 (Tables V and VI)^ Laboratory extractions ¥/ere run on all of the 
drum silos (Tables I and II) and on the control samples for large silos 1 
and 2, but none were available for the drum silos runs. Test data includ- 
ing laboratory extractions, vulcanization tests, etc., for large silo con*- 
trois 1 and 2 are shovm in separate tables (III and IV) as the results are 
considered valueless for two reasons, namely: first, it \7as necessary to 
concentrate the original material tv;ice for the pilot plant extraction, and, 
second, because potcures made on the benzol extracts of .goldenrod ?/hole ^ 
plant material containing a high percentage of stems and blooms are known to 
be of little significance due to the high proportion of non-rubber constit- 
uents in the benzol extract v/hich cannot be separated from the rubber. 

Fairly exhaustive laboratory extraction of the dried ground ensilage from 
drum silos 1 and 2 gave benzol extracts high in resin content and rubber of 



high titratíon and low viscosity values. The crude rubber, unptirifled "by 
acetone precipitation, (TalDles I and IT)^produced gumstock vulcanizates of 
only fair to poor tensile strengths even w5th the added accelerator booster, 
DPG-. Past la"boratory results have shown consistently that this is charac- 
teristic of whole plant material low in leaf or rubber content and con taint- 
ing a large percentage of stems and bloom. It is apparent • that' e^chau.stive 
benzol extractions made on this. çpmposit5on material,* as. is done ifl the laT>» 
oratory, gives extracts which,'even after acetone precipitation, do not' resem- 
ble normal goldenrod rubber and. probably contain a large amount of non- 
rubber constituents. On the'other hand, benzol extracts obtained from pilot 
plant extractions made on identical material gave hi^ tensile strength 
on Loomis vulcanizates and, even on potcure vulcanizates without D.P.G-«, 
because of the less exhaustive extract-^'on given in the pilot plant as com- 
pared to the laboratory* Pilot plant extraction on drums 1 and 2 is a case 
in point (see Tables V and Yl)m    The  dried,ground ensilage from drums 3. and 
Uf which had been air-separated to remove considerable amoi-^nt of the stems 
and bloom thereby increasing the rubber content, gave laboratory benzol 
extracts having considerably less resin content,and after acetone precipl-^ 
tation potcures were prepared which,although milling extremely sticky^gave 
vulcanizates of good tensile strengths x-^ith and without accelerator boosterf 
However, the titration and viscosity values were "off", indicating again 
the presence of non-rubber constituents in the benzol extract. The dried, 
ground ensilage from drums 5 ^nd 6, which had also been concentrated by 
air-separation to a fairly high rubber content, also .?ave laboratory benzol ,, 
extracts of low resin content,and after acetone precipitation the vul- 
canizates v/ere only fair. Titration and viscosity values were also "off"» 
No positive significance need be given to this inconsistency which Could'be 
accounted for by many factors, such as non**»representativeness of sample, • 
contamination of end benzol extract with non-rubber impurities, etc. 

Grumstocks of high tensile strength xirere prepared from the ben^zfol extract 
obtained in the pilot plant extraction of drum ailos'l and 2 (Tables V and 
Vl). The original material was very low in rubber content and. althou^ ■" ; 
the crude rubber contained,S»2^ resins and was not acetone precipitated,  ; 
the vulcanizates showed.high tensil values both with and without D.P»G. 
Ho Statex tests were made in this case. 

Approximately 1»Í# of crude rubber was obtained for these tests from S3# "^ 
of the ground dried ensilage extracted in a single cell for'12 hours vjith 
acetone at lUO^ P*, at an avera^re solvent pumping rate of 100 gallons per 
hour, follox^red by a 12 hour extraction with benzol at lyO^ P., and an avera;é:e 
solvent rate of 6o gallons per hour. 

Rubber stock of very high' quality, and in amounts, large enough for precur*- 
ing on the large Loomis machine, v/as-produced in thepilot plant (see : Tables :" 
V and Vl) from goldenrod ensilage made in .concrete silo.s 1 and 2. Both 
gum and carbon stocks of high tensile strengths (2535 poSci-»)'were obtained 
with stock precured on both the small (l#) and the large (20#) Loomis runs.* 
The crude rubber content of this material,'which had been thoroughly air-   ' 
separated,.was hi^klfo and the benzol extract obtained from processing 975# 
of the raw 
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material contained 11.5%  resins and produced high tensile vulcanizates after 
acetone precipitation. However, before procuring, the benzol solution of 
this crude rubber was allowed to stand for some time and considerable of the 
non-rubber impurities settled out and were drained off at this stage. The 
large silo material was processed in the 8-cell pilot plant extraction bat* 
tery using the two-solvent continuous system of extraction. Thirteen cell 
charges were made.and the cycle adjusted for extracting the material for 6 
hours with 92%  acetone followed by 9 hours of extraction with 95%  benzene. 
Processing of this ensilage was not exactly continuous as the plant v/as oper- 
ated only 15 consecutive hours daily. Acetone at 1^0^ F. w^as pumped through 
2 extractors in series at a rate of 100 gallons per hour, while the benzene 
was put through at approximately U5  gallons per hour víith three extractors 
connected in series. 

Summary and Conclusions, (l) Laboratory investigations on goldenrod 
selection 3S79 before and after ensilage sho?/ no apparent change in the quan- 
tity of rubber obtainable by acetone-benzene extraction or of the quality of 
the rubber for producing gum and tread stocks. 

(2) Gum and tread stocks of comparatively high tensile strength values 
wore obtained from rubber extracted from a 975# lot of goldenrod ensiled in 
the two 5» diameter by 8* high concrete silos. Gumstock of high tensile 
strength was also prepared from an 83# batch of the goldenrod stored in drum 
silos 1 and 2, The control samples for affording an ideal basis for compar- 
ison of the rubber quality before and after the ensilage process were inade- 
quate and meaningless in the case of the large silos, and were not available 
in the case of the drum stoi-ages. This, however, is really unimportant in 
the light of the high test values obtained and considering the large weight 
of'material processed in this \7ork. Appropriate size control samples for 
correct evaluation should be large enough, not only for obtaining close 
representation of the original material but for pilot plant processing to 
produce sufficient rubber for procuring with the small Loomis machine and 
for producing treadstock. This is especially true with material harvested 
during the bloom stage. 

(3) Substantial evidence is presented in this report to indicate, that 
ensiling is a highly recommended means for promptly storing and preserving 
this crop for a considerable period until it can be dried for subsequent 
processing.  >Ensilage is a v;ell-kno\7n agricultural practice for preserving 
green fodder for edible purposes, and applied to goldenrod for rubber pro- 
duction, it not only affords a means of storing in the almost complete ab- 
sence of air and light v/hich are very injurious to goldenrod rubber, but the 
normal acid fermentation apparently reduces the total dry weight by approx- 
imately 1055 and renders the inaterial in a form v;hich can be dried more quick- 
ly and consequently more economically. In addition, the dried material can 
be air-separated Y/ith comparative ease, grinds and handles easier in size- ' 
reducing machinery, and. also extracts considerably faster v/ith the solvents. 



X-TABIE I 
GOLDEHRCD EHSIIAGE - ÛRUMS 1-6, Incl» 

Laboratory Extraction 

Î Acetone Extract 

Sample : Besins 
Drum No,? % 

3 &4. 

3 &4 
rerun 

5& 6 

5 & 6 
rerun 

I    8,0 

S.1 

8.¿ 

Analytical Results 

Benzol Extract 

Resins : Crude : Crude : Rubber,:Resin:Resin 
Avg. %   : Rubber: Rubber î resin- : J£ : $ 

%      : Avg. %i  free %  :    ;ai'ter 
t     :      :    :Âcet« 

tprec« 

8.2 

8.3 

2,3 

2*6 

I 19.2 
15.8 

16.5 

1.9 

^^3 » 

2.5 1.86 
: 25.7i 
: i 
i  2^7: 

16.7 

3.1 î 
-4.0 î 

t  28.6: 
2.1 t 1.50 :   : 

î t  28.6i 

19.2 
18.7 

19.0 
19.¿ 

î 3.4 
», ß»5 

J*l 

19.1 

: 3.8 
: 3.6 

: 3.7 

i   3.2 

3.5 

t : I2,6î 
t î 12.6: 

3.04 f i 
s 12.6: 
; 12.6; 

JAI 

3.7 

3.2 

2.93 : 11.6: 8.1 

3.38 

8.3: 
8.3: 

: 
8.3: 
8.3; 

Titr.: 
Value sViso, 

4.70:0.662 

4.70:0.662 
4.60*0.666 

4.60:0.666 
4*80:0.682 
4.80:0,682 

s 
4.80:«.682 
4.80:0.682 

5.25:0.673 
5.25:0.673 

: 

5.25:0.673 
^,2^:0,67?. 

2.87 : 9.0: 3.8 : 

Rav 
M^t^ri^i. 

îMois—»Rubber, 
ture 

4.87 

5.18 

6.49 
6..49 

6.49 
Ísá2 

à^ 
6,42 
6.42 

6.42 
6.42 

6.42 

resin- 
free 

:Avg.$ 

1.75 

Residue 
after 

;Acèt, 
Extr. 

3.41 

1«Ô1 
i 1.46 

1.52 : 
« 0^ 
i  1.50 
s 3.91 

2.98 \ 
î 3.47 

 LÀsàk 

2-98 : 

2.94 

: 1.77 
: 2.86 

i 2.36' 
t.2.04 

Benz. 
Extr. 

% 

0.27 

0.16 
0.29 

0.3Ó 
1,12 
0.75 

0.76" 

0*2L 

0.60 
0*67 

0.55; 
.0.62 

2,94 : 
» 

(O 



X-TABLE II 
GOLDEimOD ENSIUGE - DRUMS 1-6,  Incl. X 

Compounding Formula, Calculated to Resin-free, Rubber Basis. 
Drum No. :    1 t          2 ! 3&4 ! 3&4 ! 5 & 6 !  5 & 6 
Rubber, crude, incl. resins, gms. Î 34-9 t      28.8 !  53.4 Í 48.8 :  60.6 s  45.3 
Resins in crude rubber % : 25*7 :  28.6 :  12.6 !  8.1 s   8.3 5 ■ 3.8 
Total solids §§S •                           4 !   .074 ! t         .053 
Rubber, resin free, gms. : 25.9 !  20.6 'i     46.7 ! 44.8 :  55.6 !  43.6 
Rubber, resin free, parts : 100.00  ! !  100.00 : 100.00 Í 100.00 ! 100.00 ! 100.00 
Resins, incl. with rubber, parts Í ■ 34.6   i 40.0 !  14.4  ! !  8.82 !   9.05 ! I   3.95 
Sulfur                  " !  4.72  ! :   4.89 ! 1   4.00 ! !  1.91 !    3.81  ! !   1.82 
Thiotax                 » :  1.35  ! 1.40 Í   1.14 !   .54  • I   1.09 . !    .52 
Zinc Stéarate             " :  7.41  ! !   7.69 :   6.29 !  5.99 !   5.99 Î   5.71 
Flectol H                " s  1.35  ! 1.40 : 1.14 i .  1.09  , !   1.09 1   1.04 
Added on mill:                { 

Thiotax                  n • 54  ! .52 
Sulfur                  « ; 1.91   ! ■Not Milled! 1.82 
Zm  Ckide                 « !  7.41  : 76.9 : 6.29 ; 5.99  Î 5.71 
DFG                     « !   .67  : .70 ! « 

4 .54  ! .52 



GOLDEimOD ENSIUGE - DRUÎaS 1-6,  Incl^ 

Vulcanization  and Tests 
Sample 
Drum No* 

: Cures 
iMinutes 
;at 260QF 

Modulus at 
300^0 500,^ 
psi>    psi> 

Max.  TS 
psi# 

Ult. Elong^  : 
% Remarks 

GumvStock - Standard Formula 
!   10 : 310 :  S45  : !   4.75 ! Sample dry, viaxy, and had little tack and 

1 !  20 ! -^25 I i        925   ! Í   A50 ! later became sticky. 
r  30 : ¿90 ! t      905  ! !    A53         , 

2 :  20   ¡ :  150 ¡ ?00 t Sample extremely sticky and hard to handle. 
! Given additional precure. 

Ï   5   i ! 265 ! ! 715 !   715   ! t             50a     ! ! Extremely dry and crumbly - too overcured 
!   10    ! Í 290 • ¡1090 ' !  1090   ! 500 Ï for proper milling. 

3 i^ K !  15 Î 295 ! 1II85 ! Í 1185  ! !    503 
combined i !   30    ! ! 375 : 1 :  755  ! - 4.03 ! 

:  ¿5 ! 310 ! !   310   ! 300    ! 
!   10    ! : 100 \ kQ5    • !  1350   ! 700    ! ! Acetone precipitated. Very sticky. 

. 3 & 4 ! !   20    ! 1 175 ! ■ 630 : . 1755  : 700    I 
combined ! '   k^           ! ' 270 ! 880  ; ,„   4.75    i m 

X 
I 



X-TABU: II-con»t, 
GOLDENROD ENSIIiiG.i; - Drums 1-6,  Incl. 

Sample 
Drum No, 

3 & 4 

5 & 6 

Cures 
Minutes 
at 260°F 

Modulus at 
300'^ 500^0 
psi. psl. 

Gumstock - 0.5 parts PPG nddñd. 

10 
20 

: 3-45 
: -470 

10 
10 
20 
^0 
2Ö 

U50 
150 

4-00 
205 
265 

885 

610 
1275 

915 

Max. TS 
psi. 

885 
1100 
4-50 
815 

1725 
635 
310 
915 

Ult. Eiong. 
% 

500 

.453 
500 
525 
600 
353 
350 
500 

Remarks 

H 
I 

»tí 

ro 

Vulcanlzates of inferior quality 

Very sticky - hard to get off rolls 



X-T/iBLE III 
GOLDENROD ENSIIAGE CONTflOLS - SILOS 1 & 2 

Laboratory Extraction :        Analytical Results 

! Acetone Extract " !        Benzol Extract 
»                          • 

:  Benzol :   Raw 
î Extract : Material 

î  Residue 
î   after 
î Extraction 

Control " 
Sample 

: Resins ! Resins ! 
! Avg. % 

! Grude 
! Rubber 

'  Crude - 
í Rubber, 
'  Avg. %'. 

■Rubber,íResin:Resin ! 
: resin- :    %    i    %       ; 

:free ^:{ . ';  :;after 
:     ¡í--- .sAcet. 
: . _ Î    :Drec. 

íTitr. 
ïUêhxQ 
• » 

: 
• ft 

!    :Mois- 

:Visc.:ture 
:    : % 
• • 
• • • • 

¡Rubber, ! 

î resin- 
: free 
! Avg.^ 

iAcet. î 

:Extr. 

: % 

¡ Benz, 

! Extr. 

!  % 
t 
> 

: 5.62 
! 7.4-9 
! 7.22 

i    6.78 
i    2.80 
! 1.61 
: 2.31 

t 
t    2.26 i 1.43 i 36.9 

t  5.30 
! 5.30 
î 5.30 

:0.653: 
;0.653: 6,24. 
:0.653: 

s 1.34 

: 3^96 

: 1.14 
¡ 1.32, 

Í 0.27 
: 0.32 
r 0.3^ 

Silo #1 
(Bag # • 
2789)  . 

! 6.69 
! 6.50 ■ 
! 6.77 1 
\   6.50 Î 

5         ! 

! 6.62 " 

t 1.82 
Î 1.50 • 
í 1.74 ! 
¡ 1.76 ! 

! -^'^-^ ; • 1.4.5 : 15.3 5 1,3 ' 

r - 
t  5.50 

! 5,50! 
1 5.50 
! 5.50, 

î—       . ——i 

: 0.646: 

Î0.64-6Î 6.24' 
¡0,646:   ! 
¡0.646:    ! 

' 1.34 ' 
¡        ! 

¡— —i 
- 

,— _. _. 

t 

L 

•• 

Silo #2 ! 
(Bag # ! 
2788)  ! 

! 6.56 • 
!  6.01  ! 

6.A6 ! 
! 6.34 i 

! 1,7A  ! 
1.67 i 
1.61 ! 

1 1.67 : 1.23 : 26.0 i 
\ 

. 5.15: 

. 5.15! 
5.15! 

¡0.655:    ! 
.0.655: 7.08! 
¡0.655:   ! 

< 

.  ia3 i 
1.26î 
1.58! 
0,91! 

: 0.30 

. 0.33 
0.33 

5.89 ! 
6.35 : 
5.76 ; 
6.30 : 

6.07 'i 
1.75 ! 
1.58 1 

1.59 : 
1.60 ! 

1.63 j 1.38 * 15.2 = 
:    : 
• • • • 

Î 

5.3 • 
: 
• « 

5.10! 
5.10: 
5.10î 
5.10; 

0.655:    : 

0.655: 7 08' 
^0.655: ^'^', 
0.655:    : 

1*13 ; -    s 

f 



X-TABLE IV 
GOLDEMIOD ENSIUGE COiJTROLS - SILOS 1 & 2 

Compounding; Formula^  Calculated to Resin-free Rubber Basis 
:  Silo # 1 !  Silo # 2 

Rubber, crude, incl. resins, g^ !   36.3     ! 21.4 

Resins in crude rubber %                                             : :   36.9     ! 26.0  . 

Rubber, resin-free, g. !   22.9     : 15.8  . 
Rubber, resin-free, parts !   100.0     : 100.0 
Resins, incl. with rubber, parts !   58.5     ! 35.2  , r 

Sulfur                 " !  , 5.55    ! .  . A,7A 
Thiotax                  «             ! Î    1.59    ! ■      . 1.35 
Zinc Stéarate             •« !     8.72     Î . 7.45 
Flectol H                w             , Í    1.59    i '  • 1.35 
Added on mill                            i 
Zinc Oxide               " !    8.72    ! ?.45 ,., 



X-TABLE IV-con»t, 
GQLDENROD EI^SIIAGE CONTROLS - SILOS 1 & 2 

Control 
Sample 

Silo #1 

Silo #2 

Vulcanization arid Tests. 
Cure 
min, 
at 
260°F 

40 
50 

15 
30 
A5 
60 

Modulus at : Max. TS 
300^ 500^ : psi. 

270 ti 

15'5 ! 350 
165 : 530 
24.0 Î 560 
265 t 535 

350 
305 

350 
610 
600 
665 

Ult. Elonj, 
% 

40O 
300 

500 
525 
550 
550 

Remarks 

Milled fairly well; did not- stickj sheeted 

Sticky, wouldn't: sheet, yet^produced better 
vulcanízate than Silo No, 1-       • 

I 

<r 



X-TíiBLE V 
GOLDEimOD-KISIL/.GE 

PILOT PUNT EX'fPJ.CTIOIîS 

Material Processed; 
Weight,  lbs* 
Víeight,  Ibs^, MFB 
Moisture, % 

Acetone Extract,   (Resins): 
Weight,  lbs. 
Weight,  % 
Weight,  %MFB .      ... 

Benzol Extract: 
Volume,  gallons 
Concentration-Solids gins./cc 
T/t, Crude Rubber, lbs. 
Resins,  % 
Rubber, resin-free, lbs. 
Rubber,  resin-free,  % 
Rubber,  resin-free, % MFB 

Effic.  of Benzene Extraction, % 
eff. % =^^ rubber, res in-free, pilot plant 

, . .   . ^, benzol extract,analytical,, 

!   Pilot Pia at 
: Processing Results 

t Analytical Results 
:  Ravi Material ! Residue after Pilot- 

:  Plant Extraction 
: Drums : Silos ; Drums :  Silos : Drums :  Silos 
: 1 & 2 : 1 & 2 : 1 & 2 :  1 & 2 : 1 & 2 :  1 & 2 

i B3 :  975 ! ! 
i      78.8 !  900 
:   5.03 :    7.82 

;  U8   ! 

!  5.03 :  7.82 

!           ! 

:   15.2 !  9.27 !  15.2 I  2.51 

' •■ ■ 

:   16.5 !  9.78 ' Î 16.. 5 • !  2.92 

: " i,55 !   2A.0 
0.0307 !    20.0  ! 

:.  l.U ! !    /lO.O  ! ■ 1 ! - ■ 

:   8.8 ! !  -11.5 : t                          .     ; 1 

: ■  l.OA ! 35.A ! 2 
: ... 1.25 ! !     3M   ! 1.55 ! .   ii.Al   ! , • 1.01 
:   1.32 ! 3.96 : 1.63 ! A.79 •! ,  1.17 

:  81.0 ! 82.5 Í 



X-T¿BI£ VI 
G0LDEÎC10D-EN3II/.GE 

PILOT PUiNT E}ITIU.CTIONS 

Compounaing Formula. Calculated to resin-free rubber basis 
Draas 1 & 

2 
(potcure) 

Concrete 
Silos 1 & 2 

iSraall 
lioOEls )  

Concrete 
Silos 1 & 2 
.. (Larg« 
Xoomis)  

Added in solution for precure 
Resins, % ■■        . 
Total Solids (gms/cc) 
Rubber, resin free (g) 
Material produced (g) 

Rubber, resin free fparts) 
Sulfur « 
Thiotax ** .  . 
Zinc Stéarate       » 
DPG H 
Fleetol E " 

Material milled  (g) 
Added on mill:  (parts) 
Sulfur » 
Thiotax «. 
DFG II 

Zinc Oxide « 
Ain't, of gum stock used for tread  (g) 
Carbon (Statex)     (g) 

37.2 gias. 
8.3 

33.9      ■ 

100 
3.34-    ' 
lao 

- 6.04 

1.10 

2813(cc) 
^2.5 
; 0.237 

6?G- -- 
637" 
100,00 . 

0,60 

5.50 
0.30. 

250, 

!     2.90    ! !   . 2,840 
!    0.25   ! !   . 0.175 

0.55 !   0.50   1 !  •   .470 
t.04,    ! Í    5.50   ! Í    . 5.50 : 

1 I     200.00   s 200.00 
« 86,00   ! 88.00 

50,151 (ce) 
4.1 
0,169 

8,165 
8,898 

100^00 
0.660 
0,825 

'     5.500 
C.330 

250      : 

I 



X-TABIE VI-con»t. 
GOLDENROD ENSIUGE-PILOT rUJiT EXTRi'.GTIONS 

Vulcanization and Tests CD 

Sample : Cures 
:Minutes 
tat 260^F 

Modulus psi. at 
300^     500^ 

Max. Tens, 
Strength 
 psi> 

: Ult^ 
:Elong. 
: %  Remarks 

Gumstock- •with corapounc iing formula above. 
Drums   : 5 : 220 !   870 ! 475 ! Very dry and spongy in milling. 
1 & 2,   ! :  10   ! Î 150  : 905  ! 1  1810    : 600 < !                          » 

potcure ! 20   ! ! 225 ! 1060   ! !  16,95  • ^ ! 550. ^      * 

Í  30   i ! 225 ! 1135  1 1  1395  ' . ! 525 ■ 
Silos   ¡ :  10   ! ! 205 ! 620  : ;  1585   ! . Ó50 ' Î Milled wellj sheeted . 
1 & 2, !   20    ! ! 280 ! 1090  ! !  1720 ! 600 f            * 

(Small  ' : UO ! 305  • ! 1320  • ¡  1320   ! ! 500 - 
Loomis) 
Silos !  10 ! 240  1 ! 880  ! !  1560   ! 1 575 ! Very dry at first; softened up to mill very 
1 & 2,   ! !   20    ! ! 335  ! ! 1300   ! ,  1300   ! . 500 ' ! well. 
(Large  ! 1   AO         ! 360  i ,   11A5     ! . 475 
Loomis)  ! 1 t 

Gumstook-,5 part. DPG added. 
Drums   : 
1 & 2,  : 
potcure ; 

5 
10 
20 

i 250 
: 225 
: 300 

; 1285  ;  1715    : 550 : Very dry and spongy in milling, 
:. 1360  :  I960   : 550 : 
s 1510  :  1810    : 525 : 

Tread stock-50 parts Statex added,' 
Silos !  10 Í 855  • ! I64O !   2095 ! S25 : Carbon milled well on cold rolls. 
1 & 2 !  20 ! 1185  1 ! 2235   ! !   2370 ! 525 : 
(Small !  40 : 1425  ! !   2170     ! ! 425 : 
Loomis)  i 1          • 

Silos !   10    ! !  900   ! i 2035   ! ,   2470     ! ! Ó00 : Material took carbon slowly. 
1 & 2 !   20    ! Í 1400   ! 2535     ! . 475 : 
(Large  ¡ !   40    1 ! 1665  ! .   2300     ! 400 î 
Loomis)  j • ( « 
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XI-^AHDIOXIDAIira TKSATMaTT OF gBESHLY HABVESTED LEAVES 

A fíela test was made at the suggestion of Dr. H. L» Trximtull of the 
B# v.  Goodrich Conpanyt to determine the possible effect of application 
of a rul:"ber antioxidant in cotJiteracting any possible deterioration of 
the rubber during harvest collectioni drying, and grinding of the leax^es. 
Leaves, hand stripi"^ed from goldenrod consisfîng of selection 3-^—79 and 
harvested from ?♦ K. Skinner field and Mrs.. E. Cates field Ko^ 2, were 
used for this experiments As soon as UO pounds of leaves"were made 
available they were spread on two U' x 5^ trays each containing TX) 
pounds of Icc^ves-, Ifsrlng a hand spray gunt the leaves of one tray were 
spi^ayed with Stalite Antioa:l:la-it emulsion manufactiu'ed by the S, i\ 
Goodrich Compar;yo The  other ti^ay of leaves was used as an untreated 
control* One gallon of Stalite emulsion^ diluted with an equal amount of 
water, was consiMed in treating a total of c2g pounds of green leaves^ 
The dilution was necessary In order to obtain sufficient "wetting^^ v/hich 
was ali^o aided by mixing the leaves while spraying. 

The amount of leaves stripped by eight to sixteen laborers averaged 
go pounds per day or a total of U50 pounds for almost six days-. Daily,» 
ho  pounds of antioxidant treated leaves and Uo pounds of untreated control 
were dried with the general harvest in the kiln drier for two hours at 
l60-*l65^F. ^ total of 22g pounds of green leaves were treated and dried 
to 117*5 pounds, whereas an equa.1 amotmt for the control netted II6 
pounds of dry-leaves» 

The control leaf material and the leaves treated with an antioxidant 
were practically free of stems and bloom therefore f\xrther separation was 
considered unnecessary» Grinding was^carried out on these two lots of 
material by using the Jeffrey hammer mill'with l/lß" screen and 1" hammers 
at the. Southern Regional Research Laboratory. Extraction^ of 1 kg» batches 
of thb control sample and of the antioxidant- treated,leaves were completed 
by extracting for 32 hours with acetone to" remove'.re'sins akd followed for 
32 hours witíi benzol to obtain the rubber* Resin content of the benzol 
extract from the antioxidant material is slightly higher than that secured 
for the control sample (see Table !)• Ihe standard recipe was. used in 
pre-compoundlng the benzol extracts In glass still pots for vulcanization* 

Enough ground material* 100 pounds^ of control sample and 93 pounds of 
th^e antioxidant treated leaves, was available from each lot for a single 
Cell extraction. The benzol stills were thoroughly cleaned and rinsed out 
with benSiol before extraction« Conditions for extractions., and results 
of extractions, together with analytical determinations are Indicated in 
Table II» The benzol extracts were precipitated with acetone' to remove 
.excesos resins in thç rubber. Benzol ^was used to redissolve the rubber in 
■each o^se before precompounding in the small Loomis mixer. 

Vulcanization and Testing. The antioxidant treated material and its 
control were each handled in two different ways, i.e#, by the laboratory 
extraction and pot procuring method, and by pilot plant extraction, 
deresinification by repricipitation, and small Loomis precure for the 
larger samples. Results are shown in Table III. 

over 
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Milling of the two rubber samples from laboratory extractions was 
quite difficult as they were both extremely sticky* The control woiild 
not sheet but wasmanageable enough to mill a portion with 0#5 part D.P.Gt 
ïhe treated material was much too sticky and gummy for proper milling to , 
be achieved and no D^P.O«  values were obtained.-Under the circumstances 
it would not be fair to draw any conclusion on the tensile strength values 
given for these two samples* 

The acetone precipitated rubber from the pilot plant extractions was 
precured in the small Loo»is mixer and tread and gum stocks were made. 
Again the control sample milled much better than the antioxldant treated 
and was much less sticky. The tread vulcanlzates on the treated rubber 
gave higher tensile strength values than the tread on the control; how- 
ever, this is not true with the gum vulcanlzates. Tensile strength values 
on the control gum stocks with D.P.&w by both methods check very well« 
The higher resin content of the laboratory extracted rubber Is due to the 
fact that 5t was not acetone precipitated, which probably accounts in 
part for its stickiness. 

Summary of Results. 1. The tltratlon values and viscosities of tije 
benzol extracts from laboratory extractions of the control and anti- 
oxldant leaf material are practically the same, \iiich indicates that the 
3^'t;îoxidant  emulsion has little or no effect on the quality of the 
rubber from goldenrod leaf material. 

2. Resin content in the benzol extracts from 
both the laboratory and pilot plant extractions is higher in the case of 
the antioxldant treated leaves. 

3. The Control samples of rubber milled very 
much better than the antioxldant  treated samples. This is true with lab-*^ 
oratory samples which were not acetone preciptated as well as with the, 
pilot plant samples váiere the excess resins in the rubber were removed r 
by acetone precipitation. 

k^    Acetone precipitation of the rubber to remove 
excess resins is necessary in order to obtain the maximum tensile strength 
values# ' 
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tl-TmiM I IiABOEATORTf EXîSlàCîIONS 

<i^mr,\f        i i             1= Í>       ' îi*-  Viscos-  ^    i 
Mois- Resins Rubber Resins Value   ity  Rulîber Rubber 
ture acetone Benzol in ' Benzol Benzol Resins Analyt. 
as ext.   ext. Benzol .  ext.  ext.  free   M.y.B. 

rec'd M.F.B. M.g»S, ext.         .    M«y.B. ^___ 

Antl- 
Oxidant 
Control 
Bags 
l60U- 
1607 
incl. 

6.72   16.05     7.11 lO.U       I+.50     0.676     6.37       6.03 

Treated 
with 

^îdlnt    6.62   IS. 39     7.01+ 13.9       ^.60     0.682     6.06       6,70 
Bags 
1600- 
1603 
iücl^í ,,,,.  ■ •- -^  



XI-TABLE II PILOT PLANT EXTKACTTOÏÏS 

Sample 
: Lbs. 
¡extract- , 
:    ed          1 

¡Pilot Plant 
!    Acetone 

:          Pilot Plant                      ! 
!      Benzol Extraction              ! 

í                 Analytical 
*            Determination : Eff. 

;   Lí)S. 
¡  extract- 
¡       ed        ! 

: ^; 
: Crude : Re sin;  f> 
',TutíheTifTee :ResÍns 

lbs.:  l"bs.:    in 
t             ;           : extract 
»                         •                     •                             « 

:   ^ 
S rubber! 
: resin î 
îfree-  ' 
ibasîs î 

»Eaw Material 5      Residue : of 
»Acetone 
»    ext. 

Í Benzol; 
!    ext». 

; Acetone 
;    ext. 

Î Benzol 
t     ext. 

1 

: Ext. 

Control- 
Bags i6oH- . 
1607 încl. 

!      100      , '.      16        i I16 i ! 3*k   : U,55: 15.8   J 
!            :          :              ! 

^•55    í :    lg,U I  6»03 1    3.67 ! : 2.gU : 75.5 

TreatecU 
Bags 16OO- 
1603 încl.  1 

i       33     ' i      IS       ; !19.U! 
1                        •                    .                            * »                        •                    •                            * 
: 5.0    : U.U2: II.5   ; 
r                             •                         •                                  * 
1                             •                         •                                  « 

;u.75 i r    20*5 < :  6.70 i .    1^65 1 
: 

! 2.72 : 71.0 
» 

I 
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XI-TiBEE III 
iUTTOXTDAHT E3îPERIMEUT*.VUI.OMXZATI01îr AHB ÍESTIKG 

iho.'b.  extraction î t Lab* extraction: Pilot Plant 
îAntloxiâant   ) J Antloxidmt  t extract 
:  Control Î  Treated    ; Treated A 

Î           t Control 
^ianrpXe« 

Added in Solution tot \                            : î 
Precure:         \ 

1     ne.O         i 
1 

^3.7   i Kubter, resin free gms  î !  650, 
Rutter, resin free, parts : :    100     Í 100     î 100 
Re sins f Incl» with rubl^er î ! 
parts                 ; ̂     U.6   Î 16.2 !    1.6 
Sulfia^i parts          Î t     3*90  Î u.07   i 

1.16   i 
!      0.60 

Thlotaoc, parts         { ;    laa  Î 1     0.75 
Zinc Stéarate, parts     \ Î   ' 6a3  Î 6.39  < Í              5.50 
Plactol H 1      1.12   Î l.l6  ¡ 1      .« 
D^P.G. 1     —•••.^  : mm^m»m» !    0.-Î0 
Added on Mill:          { 

^     6.13 ''            6.39 
î 

Zinc oxide, parts       ^ :    5.50 
D.P.&t               1 s      .56 »   0.50 
Sulfur, parts 
Thiotftx» parts 
Carlíon (for tread), part 

2.90 
0.25 

50.0 

■üiffe r 
Minutes ! 
at 260°?: 

Módiil^é &ïi 
300^:500^ : 

Max. 'i', y. ! 
p.s.l.     : 

uxt. 
Blong, 

T 

Sample Stock 

Antîo^cldant 
Control 
Laby» Extraction 

no 
D.P.& 

15 

P 60 

; 70 
: 70 
:  70 

Gum 
D.P,G. 

15 

il 
:135 
;105 

170 
270 
210 
^UO 

270 
5U5 
555 
680* 

2S0 : 
¥40 Í 
280 : 

"25^ 
950* 
280 

650 
675 
700 
700 

625 
J500. 

Anttexldant 
Treated 
Laby. Extraction 

Ouin 
no 

D.P.G. 60 
Jl 

AntJoxidant 
Control 
Pilot Plant 

Oum 
10 
20 
I40 

:<3Ö 
î<35 
î<35 

JO. 

<30 î 
70 ; 

iHo : 

Tread 

Antijxldant 
Treated 
Pilot Plant 

Gum 

:    10 
:    20 

} 
: 

»235 
195 
270 

<30 
1U5 
UU5* 
JO. 

w 
20 
Uo 

Tread 
J    10 
:    20 
:    Uo 

ïoi^ 
17^ 
186^ 

liBT 
-— t 

870* 
195 

590 : 

2335* 
2330 

.2122. 
590* 
260 

915 
1565 

818140 

Í2070 : 
490 

26l45* 
2600 
2U-y) 

500 
575 
700 
300 

^75" 
<300 

125 
550 
I4OO 

J50. 
500 

<300 
550 
00 

U25 
350. 



XII->lvISTHOOS OF PURIFICATION OF RUBBBR 

The rubbe)^ ejctracted from goldenrod by benzol, after preliminary 
acetone extraction of resins for a practical length of time, is contami- 
nated by a varying percentage of acetone soluble i^iaterial« If the acetone 
soluble ^Vesins'' exceed 5-6.. percent in the crude rubber, vulcanization 
reactions are adversely affected and the vulcanizates have poor physical 
properties» The percent resin in the benzol extract i^ll vary, depending 
on. the type of material, temperature, and time of both the acetone, and 
benzol extraction. '^.Tith pure leaf material extracted Bé-'SG hours Vidth 
Trarra acetone the resin content of the rubber can be held to the minimiom 
required, but with raw material contaminated by stems and blooms, even 
after long acetone extraction the amount of resin may reach 20 percent» 

In addition to the acetone soluble resins, the benzol extract contains 
a small amount of a 7/axy impurity (described in Section XVII) vfhich is 
precipitated with the rubber, but settles slowly from a benzol solution 
of rubber on standing» By pouring the benzol solution into a fairly 
largo excess of acetone, the rubber and wax are precipitated and the 
supernatant acetone-benzol solution containing the resins can be decanted» 
The rubber is then redi s solved in benzol and the v^ax is allowed to settle 
to the bottom» 

Rubber can be extracted by several solvents such as benzol, naphtha, 
and chloroform, and is not soluble in alcohol or acetone but the resin is 
soluble in all of these» Tilth the rubber dissolved in any rubber solvent, 
either acetone or alcohol would be effective for rubber precipitation» It 
was decided to uso acetone for the laboratory studies, since in the pilot 
plant, acetone v/as to bo tisod to extract the resin and the presence of 
alcohol would further complicate the solvent recovery operations» - 

At first it was believed that the presence of alkali in the acetone 
aided in the precipitation» Later work proved that nearly'quantitative 
separation could be achieved with only acetone and the presence of alkali 
was of no value in this operation» Adding the rubber solution to the ace- 
tone or acetone to the rubber .solution was found to make no difference in 
the extent of precipitation» However if the solutions were vrarm some 
rubber remained in solution» Tflien the rubber is first precipitated it will 
form a colloidal suspension that will not settle for separation unless 
contrifuged» The presence of a trace of either KSCH or KITSCH v/ill pre-* 
vent the formation of this suspension and the rubber will coagulate and 
settle rapidly so that the solution of resins can be decanted» The low- 
est concentration of K3CK that would effectively coagulate thb rubber v^as 
0.01 g» per liter of acetone» The salt must bo dissolved before the pre- 
cipitation, because its additio^i later will not coagulate already dis- 
persed rubber» Stirring vras found to hasten precipitation and aid in'thé 
coagulation of the rubber» 

The acetone used usually contained about five percent tonzol, as avail- 
able from pilot plant recovery» ^To obtain the greatest amoimt of 

(over) 
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precipitate mth the smallest quantity of acetone, a highly concentrated 
solution of rubber in benzol is necessary* Benzol will dissolve as much 
as 0#4 gram per cc. of rubber, but this concentration is difficult to ob- 
tain and handle due to high viscosity« The most practical concentration 
is about 0^16 gram: per cc» as produced in the pilot plant» Small varia- 
tions from this concentration had no effect on the extent of precipitation, 
TV/Q parts of acetone to one part rubber solution mil separate out 98 per- 
cent of the rubber containing about ^%  resin. Higher ratios of acetone 
to benzol v/ill result in the precipitated rubber having a lower, resin con- 
tent« Since some rosin and acetone solution is occluded by the precipi- 
tate, a washing of the precipitate or reprecipitation T/ith fresh acetone 
Y/ill also lower the resin content to as little as 0.3^, 

Fractionation» The rubber is incompletely precipitated if the ratio 
of acetone to benzol is low or if the solutions are warm. A three to oriQ 
ratio of acetone to benzol at 50^C. precipitated only 77.5 percent of the 
rubber present, therefore all precipitations were at room temperature. 

Acetone containing a trace of KSCN at 25^C. v/as poured slowly into a 
benzol solution containing five grams of rubber per 100 cc. The quantity 
and quality of the rubber precipitated at various ratios of acetone to 
benzol were determined, as recorded in Table I, and plotted in Fig. 1, 

XII-TABLE I 
PERCENT RUBBER PRECIPITATED BY DIFFERENT RATIOS OF ACETONE 

BENZOL SOLUTION 5 G. RUBBER PER 100 CC. 

RATIO ACETONE/RUBBER SOLUTION        %  INCRESCENT  , TOTAL %  PPT. 

0*95 0.0 0.0 
1^00 42.4 42.4 
lao 13.3 55.7 
1.15 4.9 60.6 
1,20 7.9 68.5 
1.25 7*2 75.7 
1.35 5.4 81.1 
1.50 2.3 83.4 
2.00 8.0 91^4 
2.50 5.6 97*0 
3.00 3.0 100#0 

Apparently no rubber precipitated until' the ratio of acetone to benzol 
was 0.95.  The first rubber precipitated (42.5$5?) was in lumps and curds. 
On drying this material was not sticky and could be handled with ease. 
It had good tack but v/as slightly softer than smoked sheet.  The subsequent 
fractions were unlike* the first in that they were progressively more fluid 
at room temperature, and contained no lumps. They ^^^ere very sticky, and 
on warming they were liquid. The first* sample precipitated was redissolved 
and refractionated several times. Each time the first material to precip- 
itate was less sticky and more closely resembled Hevea. 
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The effect of fractionation of the rubber on the tensile strength is 
shown in Table II» 

XII-TABLE II 

Sample 
tex- 
ture 

Standard Formula 

dis-    Resin    Max«   Elonga- 
carded    % Strength  tion 

DeP.G* Formula 

í^íax.  Elonga- 
Strength tion 

A Original dark k 
extract  sticky 4.3 1210 700 2160    650 

B Precip- 
itated 

light k 
sticky 5 1^4-2»2   1300 700 2170    525 

C fraction- light 
ated    k  dry   60 0*3 2750 750 3720    650 

Concentrated rubber solutions will precipitate on'the addition of 
smaller quantities of acetone than will the more dilute solutions. The 
precipitation curve for a more concentrated solution would be of the same 
general shape ,as Fig« 1, except that it vfould be shifted to the left# 
The rubber in a sample of the pilot plant extract containing 13.8^$ total 
solids of which 5«8^ xms resins, was found to be 93 percent precipitated 
Vfith an equal volume of acetone and completely v/ith ti'^j^o volumes of acetone 
to one of the rubber solution« At this rubber solution concentration 0#65- 
volumes of acetone to ohe of rubber, solution precipitated lh%  of the avail- 
able rubber^ Several large scale precipitations were made at this ratio 
to' obtain a better grade rubber in the pilot plant.  This fractionated 
rubber vulcanized and tested better than the untreated extract, but a con- 
siderable loss of rubber was involved whicix the improvement in quality did 
not justify» 

Special precipitation« Numerous special lots of crude rubber were pre- 
cipitated in the laboratory so that test^data and evaluations of quality 
would not be dependent upon the effect of resinous impurities in the sam-  " 
pie« A three to one ratio of acetone to rubber solution was used in all 
casos so that little of the rubber would be lost«  Data on the strengths 
of the rubber treated will be found in the Sections of this report to 
which the special samples pertain»  The resin content of those samples 
vms reduced to six percent or loss« 

RUBBER FROIi GOLDENROD ÏÎATERIAL BY A SIHQLE EXTRACTION 
FOLLaiSD BY PURIFICATION 

A benzol extraction of the leaves without preliminary p.cetone extraction, 
yields a product containing about tv/o thirds rosin and one third rubber«' 
This rubber was precipitated readily with acetone even in the presence of 

(over) 



the large concentration of resins» Some tests were made by extracting 
the leaves Yfith v^ater followed by benzol or naphtha (Skellysolve B)» The 
rubber was then separated by acetone prGcipitation#  The water extracted 
some of the acetone soluble material a.nd the rubber solutions in this 
case contained 45 percent rubber and 55 percent resin.  It was neverthe- 
less possible to obtain rubber of low resin content from these very im- 
pure extracts by acetone precipitation. 

A simple and convenient laboratory method for obtaining rubber from 
goldonrod material consists of a single e:?^traction v/ith petroleum ether 
follovrcd by precipitation of the rubber from the concentrated extract 
with acetone containing a little potassium thiocyanate to aid coagula- 
tion. This method eliminates the proliminar.y extraction with acetone 
and substitutes an inexpensive solvent for benzol. A modification of 
the process which improves the quality of the -rubber is the saponifica- 
tion of the concentrated extract vdth alcoholic sodium or potassium hy- 
droxide prior to precipitation of the rubber with acetone. 

The green color of the rubber may be removed by bleaching mth sulfXir 
dioxide. Another modification of the method which adds to the yield by 
increasing extraction efficiently is to dry the goldonrod material com- 
pletely and extract under anhydrous conditions. 

EXPERIMENTAL 

Extraction with Petroleum Ether Followed by Precipitation with Acetone. 
In a typical experiment, 800 g. of goldenrod loaves ground to 40 mesh were 
extracted in thimbles in four extra large Soxhlots with o 1. Skellysolve B 
for 92" hours.  The extract was concentrated to about 500 ml. by distilla- 
tion. One liter of 1 percent KSCN in acetone was added with rapid stir- 
ring, followed by 500 ml. of acetone.  The coagulated rubber v^as separated 
after 2  hours by décantation, washed v/ith tv/o 200 ml. portions of acetone, 
dried in vacuo for 2^ hours at 65^C. yield 55.5 g.  The rubber content of 
the starting material by analysis with the acetono-benzol method was 44 g» 
Carbon content of the product was 86.2 percent, hydrogen content ll^B. 
Theory for isoprene is: carbon 88.2, hydrogen 11.8.  The product yielded 
an average quality vulcanízate of tensile strength 940 pvS.i* and elonga'- 
tion 500 percent. 

In another experiment mth 800 g. of the same lot of goldenrod leaves, 
Skellysolve B was used.  In general the procedure was the same as just 
described, but the extract was concentrated to 400 ml., about 200 ml. of 
1 percent KSCÏÏ in acetone added and the rubber precipitated iTith 500 ml. 
acetone. The rubber came do^Tn in about 5 minutes. It was separated by 
décantation and washed tvfice ivlth 400 ml. portions of acetone. 

The solvent was removed from the rubber in vacuo at 45^0.  The product 
weighed 35.5 g.  It yielded a vulcanízate by the standard formula v^hich 
had a tensile strength of 1400 p.s.i. and an elongation of 815 percent. 

Extraction vâth Petroleum Ether Followed by Saponification.  Bleaching 
with Sulfur Dioxide. Since preliminary experiments had shown that the 
quality of the crude rubber was improved by saponificatioi^, with alcoholic 
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potassium hydroxido, saponification of the concentrated extract prior to 
acetone precipitation was investigated.  Sulfur dioxide bleaching was also 
tried, since this yielded a product resembling pale crepe in color« A 
control experiment in which the rubber w:.s precipitated without chemical 
treatment was also made« In each experiment, 800 g« of the same goldonrod 
loaves Tfere extracted for 14 hours vrith 2600 ml» Skollysolvo B# 

Those leaves analyzed 1.1 percent rubber on the as received basis and 
8#4 percent on the dry basis when finely-ground samples \IOTQ analyzed by 
the acetone-benzol procedure» 

Control Experiment» The Skollysolvo B extract was concentrated to ap- 
proximately 500 ml. The rubber \vas throvm dov/n by addition of 250 ml» of 
1 percent KSCN in acetone and 1500 ml» of acotono.  The rutfccr was Y/ashed 
three times v/ith acetone and freed from solvent by heating on  the stqam 
bath for about 15 minutes and then over-night at 65^ in vacuo» It weighed 
53»5 g» and had a "resin^* content of 6»4 percent»  The product thus ac- 
counted for 81 percent of the rubber in the original m^atorial» About 9 g» 
of rubber v/ere left in the residual goldonrod material»  The vulcanízate 
by the standard formula had a tensile strength of 1210 p»Sti# and an elon- 
gation of 750 percent» TJlien diphonyl guanidine was^ used in the vulcan- 
ization the tensile strength was 2300 p»s»i» The vulcanízate was groeni L« 

Pota55si\im hydroxide experiment:  The Skollysolvo B extract was con- 
centrated to about 800 ml» and 200 ml» of alcoholic potassium hydroxide,. 
40 g* per liter, were added» The solution was refluxod for one hour on the 
steam bath and allowed to stand overnight» TJhon examined, some solids wore 
observed in suspension» The mixture was concentrated to 500 ml» o^nd the 
rubber precipitated by the addition of 250 ml# of 1 percent KSCN in ace- . . 
tone. and. 1500 ml» of acotono» The rubber was v/ashed by kneading three 
times*^'^ith acetone, once vrith tap water and again with acetone» Solvents 
were removed by heating in vacuo at 840C# for 4 hours and at 65^ for 2 
hours» The product weighed 50»0 g» It had a ''^resin''* content of 4»2 per-  . 
cent» The vulcanízate was brovm» 

Tensile strength by the standard fonnula was 2325 p»s»i., elongation 
725 percent» 

Sulfur Dioxide Experiment» The first part of the procedure v/as the 
same as in the control experiment described above»  The rubber after pre- 
cipitation with acetone was dissolved in 500 ml» of benzol, 200 ml» of 
alcoholic potassium hydroxido aided and the mixture refluxod for two hours 
on the *steam bath» After standing overnight the alkaline-tested irubbor 
mixture v/as heated on the steam bath, 6 g» calcium oxide added^.and sulfur • 
dioxide bubbled through for 2 hours» The mixture then stood in the dark 
for 2 days» ,• ,  > 

The rubber was throT/n down by addition of 250 ml. of 1 percent KSCK in 
acetone and 1500 ml» of' acetone»  It vras washed vfith acetone, taken up in 
400 ml» of hot benzol and IriBoluble solids removed by centrifuging» After 
concentrating to 360 ml» the rubber vras precipitated by the addition of 

(over) 
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200 ml• of 1 percent KSCN in acetone and 340 ml, of acetone♦ The rubber- 
was washed with acetone and dried in vacuo at 85^0» for 16 hours.  The 
product weighed 38#6 g, and contained 1 percent ^*resins'\  It resembled 
pale crepe in color, but was sticky* Previous small scale experiments had 
yielded less sticky products.  It yielded a light broi^m ^mlcanizate with 
dark brown spots when vulcanized by the standard formula«  Tensile strength 
Y/as 1025 p«s»i« and elongation was 750 percent.  It is likely that a sim- 
pler and less drastic procedure for bleaching with sulfur dioxide could be 
developed» 

Saponification with sodium hydroxide or-calcium hydroxide:  In order to 
see if some other base could be used instead of potassium hydroxide, a 
series of experiments were madi% Abnut 7577 g# of goldenrod leaves contain- 
ing 5.2J? rubber v/ere ground in the Wiley mill using a l/32''* screen«  The 
material vjas extracted v/ith Skelly B for 3 hours.  The extract contained 
685 g. of solids of 1^hich 365 g. were rubber.  The concentrated extract was 
divided into 5 parts and treated as slrtovm in the following: 

Bxpa No< 

!• 
2. 
3. 
4. 

5. 

Treatment 

Re fluxed 2 hours.  10 ml. 50/o aqueous NaOH 
Refluxod 2 hours.  20 g. solid CaiOH)^ 
No chemical treatment 
Re fluxed 2 hours* 10 ml. 50/? aqueous NaOH and then emulsified 
200 ml. HgO 
Re fluxed 2-l/2 hours. 200 ml. alcohol + 7 g. NaOH 

The above portions v^rere then precipitated with acetone plus KSCN.  In 
No. 5, it v/as necessary to wash the precipitate with water in order to 
remove soluble sodium compounds and allow the rubber to agglomerate.  Thí 
yields and vulcanization resiilts arc given in the follov/ing: 

Exp, 

1. 
2. 
3. 
4. 
5. 

^^^*  /^ Yield based on orig. G. R. Leaves 
Crude rubber 

Tensile on vulc. crude 
"pure''* rubber 

5.6 
4.3 
3.9 
4.6 
3.8 

3.0 
3.9 
3.7 
4.4 
3.7 

standard D.P.G, 

1670* 2100* 
1560 ; '  2190 
1300 2240 
540 1110 

1980 2440 

(*) The rubber from No. 1 had marked permanent set. ' 

It will be noted that the best results were obtained xñth procedure 
No. 5 in Y/hich Skelly B extract was sa-oonifiod with alcoholic NaOH, pre- 
cipitated vrith acetone plus KSCÏÏ and the precipitate v/ashed with v/ater. 

Procedure No. 5 was repeated on the same leaves ground.on the .Ball and 
Jewell mill v/ith a l/l6^' screen.  The yield Was 2.1 percent .crude rubber 
or 1.9 percent resin free rubber.  This low yield is in line with previous 
experience with coarsely ground goldenrod.  The tensile v/as 1940 p.s.i. by 
the standard formula and 2110 with D.PùG.  Incidentallgr, the residue from 
this l^ast extraction was reground through a l/32''* screen, extracted»and 
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saponified ih the same manner as the first extract» The product ?/eighod 
28«9 g., had a ^^rosin^^ content of 3 percent, and yielded a vulcanizatc by 
the standard foi'mula that had a tensile strength of 2530 p.s.i*  The ten- 
sile strength values from this series of experiments ma\r bo compared v/ith 
a standard formula of 1000 p»s.i» from rubber obtained by the acetone- 
benzol method applied to the same vulcamizate goláenrod and with 1350 p.s.i« 
(standard) and 1860 p.s.i« (D^P.G*) obtained with rubber extracted by the 
acetone-benzol method from ensiled goldcnrod from the same lot. 

Extraction of Moisture-Free Goldenrod-Material vrith  Petroleum Sther# 
Since it was thought that the difficulty vdth líhích the last portions of 
rubber was extracted might be due to a film of moisture which protected the 
rubber from water immiscible solvents such as petroleum other or benzol, 
extraction of moisture-free goldenrod loaf material was tried•  The solvent 
used was Skellysolve,B which had been distilled over calcium oxide. The 
goldenrod leaves had been ground through a "Tiley mill using a l/l6^* screen. 
T-r eighed samples were dried either 17 hours in vacuo at 75 C. or 5 hours 
in a forced draft oven at lOS^C. One hour before the end of the drying 
period they were quickly introluced into paper thimbles, weighed to see 
that the loss of weight vras  that calculated from the analytical moisture 
^figures, and replaced in the drying oven for an ad litional hour. Undried 
samples served as controls.  The samples were extracted for three hours 
with Skellysolve B-in Soxhlet extractors.  The extractors used for the 
dried samples were provided v/ith calcium chloride guard tubes.  Care was 
taken that the rate^of siphoning was the same in both the dried and un- 
dried sample.  The solvent was removed from the extracts, the weight 
determined» and 'iresins^* estimated by 6 hour acetone extraction of samples 
smeared on filter paper.  The yield of ^*resin-free'* rubber v/as calculated 
and in all cases found to bo much higher in the dry extractions.  This 
was particularly striking in the experiments v/ith unground leaves. 

The pertinent details of this series of experiments are summarized in 
Table III. It will be noted that the yield of ^'resin-free^' rubber from 
the dry extractions was larger than expected from the amount of rubber 
estimated from the method of analysis then in use.  This was especially 
true if-the amounts of rubber found in the residues were taken into con- 
sideration.  The method of analysis then in use v/as a 6 hour acetone ox- 
traction folloi^ed by a 6 hour benzol extraction applied to 5 g. samples. 
Steps were taken to improve this rnothod by removing all moisture from 
the samples prior to the benzol extraction, by lengthening the extraction 
time and by regrinding the. sample during the benzol extraction.  This will 
be dealt vdth in another part of the.report. 

The quality of the rubber obtained by acetone - KSCîI throw dovm from 
the last pair of extractions listed in Table A, was investigated.  The 
results are as follows: 

(over) 
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Quality of Rubber by Moisturo-FroG Extraction 

Method of 
extraction 

Titr* 
valuo* 

Viscosity* 

Vulcanization by Vulcanization 
standard formula ivith D>P>G» 

Elong« 
C»P» at 25 C.  p»s,i> percent 

Elong. 
-pmS.i.    percent 

Air-dried 
moisture 9#1 
percent     4.45 

Moisture-free  5»35 

0.677 1330 700 1885 635 

0,665 1050 710 1940 585 

* By Physical Chemistry section» 

Although there is some evidence that the rubber was affected slightly, 
it should bo romombered that the drying conditions^ 105^ for 5 hours, v/oro 
deliberately made rather severo# Since it will be shovm that the favor- 
able effect on extraction is duo entirely to the removal of moisture, loss 
severe drying conditions would be just as effective» 

In order to determine vihether the increased efficiency is duo to heat» 
ing, moisture-removal, or a combination of. heating and moi s ture-removal, 
three methods of drying were employed: 

(1) Moisture-removed at room, temperature, over a desiccant, in vacuum; 
(2) low temperature heating in a vacuum oven;  (3) high temperature heat- 
ing in a forced draft oron*    Further, in order to determine whether the 
drying treatment produced a permanent effect on  the extractibility of; rub- 
ber, some of the above treated samples v/ore exposed and allowed to acquire 
the equilibrium moisture of the laboratory conditions« 

The preliminary work had been conducted using Skollysolve B as a sol- 
vent»  Therefore, one complete sot as described above vms extracted, in 
Smalley extractors protected v/ith calcium chloride tubes» Anhydrous 
Skollysolve B was used as a solvent in this set» In e^nother complete sot, 
the samples were first extracted in customary fashion with acetone and 
then freed from acetone»  They v/ere then given the various drying proce- 
dures outlined above and finally extracted as above, but mth anhydrous 
benzol as the solvents Standard 5 g» .^toalytical samples ground in a small 
Wiley mill using a 20 mesh screen were used» All extractions were for 
6 hours» 

The results given in Table IV show that the increased extraction effi- 
ciency when goldcnrod m^aterial is dehydrated prior to extraction of rubber 
is due entirely to removal of moisture and not to any heating effect»  One 
method of drying has no marked advantage provided rather complete dehy- 
dration is accomplished»  The drying does not produce any permanent effect 
which remains after the samples are allowed to take up moisture from the 
air»  To obtain increased extraction efficiency, the dried samples must 
not be allowed to regain any appreciable moisture after dehydration» 



XI I-TABLE HI  MOISTURE-FRRK EXTRACTIONS OF GOLDRffiOD LEAVES 

Jfoisture 
'Yeight of  Condition  content                "Resin" Yield of    Rubber 

Lot num- Rubberl/ material  of material   when ft. of crude content of "resin-free" found in 
ber of  content    used       when    extracted P.E. extract  extract rubber     residue 
Leaves  Percent    Grams    extracted   Percent      Grams     Percent Percent    Percent 

AE 454 4.6. 2/ 180 ground 7.9 , 
o.ol/ 
7.9 
o.oi/ 

13.1 
21.0 
13.9 
20.3 

52 
37 
51 
41 

3.5 
7.1 
3.8 
6.7 

2.66/ 

i.ei/ 
1.8 
1.2 

AH 636 6.31/ 7/- 80 unground 9.5 / 
O.oi/ 

3.3 
8.4 

50 
40 

2.1 
6.3 

5.3 
2.2 

59.4&/ 
54.15/ 

AH 878 7.6 1080 

760 
ground 9.1 / 

O.oi/ 
"37F 
1.3 

5.3 
7.0 

2.1 
1.3 

1/ By 6 hr. acetone, 6 hr. benzol extraction. 

2/ The rubber content found later on this sample by exhaustive extraction and regrinding of the residue 
"  averaged 7.2 percent.  Incidentally, the rubber extracted from the reground analytical residues was 

78 to 92 percent rubber by bromination, 

3/ Dried in vacuo at 75°C. for 17 hours. 

4/ Dried in forced draft oven at 105°C. for 5 hours. 

5/ Rubber after acetone-ESCN throw down. 

6/ By exhaustive extractions of the dried residues with dry benzol. 

7/ 7.1 percent rubber was found later by the dry-regrind method. 

(over) 
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XII-TáBLR IV      EFFECT OP Î^OÎSTURF ON THE FJCTRACTION OF nOLDFÎTHOD lî/iTERIAL 
'M 
M 
I 

m 

i^ercen-c extracted 

Drying procedure 

Dried in vacuo at room 
temperature over sulfuric 
acid for 113 hours 

Treatment after drying 
and prior to extraction 

Kept dry in vacuum 
desiccator over CaCl^ 

Allowed to stand in 
open for 2 days 

Skellysolve B 
extraction with 
no acetone 
extraction 

12.4 

10.3 

Benzol extrac- 
tion of samples 
extracted with 
acetone prior to 

drying  

6*0 

4.6 

Dried in vacuo at 55^C» for 
18 hours 

Kept dry in vacuum 
desiccator over CaClo 

Allowed to stand in 
open for 2 daj^s 

12.5 

10s5 

5.9 

4.7 

Dried at 105OC. in 
forced draft oven for 
4 hours 

Kept dry in vacuum 
desiccator over CaClr 

Allowed to stand in 
open for 2 da^rs 

12.4 

10.4 

10.2 

5.6 

4.5 

Control, not dried 4<,8 
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Rapid Method to Datermine Total Solids and Rubber in Benzol Solution» 
In order to precompound the goldenrod rubber extracted in the pilot plant, 
it was necessary to determine by as refold a method as possible the total 
solid content of the benzol extract and the percent of the solid that is 
rubber«  This information was also required for carrying out the purifi- 
cation step of the process in the laboratory and pilot plant. The con- 
centrated benzol extract (approximately 10^) was circulated one hour 
through the pump for, uniform sampling« At the end of that time, while 
circulating, a 200 ml* sample was taken for the determinations after rins- 
ing the sample line» The storage tank was then blocked off from the sys- 
tem«  The tx7o determinations are then made simultaneously» 

Total Solids;  Stir the sample well and measure out 10.0 ml. with a 
pipette or volumetric flask callibrated to contain» Rinse the container 
with benzol until all rubber is removed into a petri dish or cover.  The 
benzol is evaporated over a steam bath in the hood and the sample is dried 
one hour at 90^0. and house vacuum. After cooling, the sample is weighed 
to 0.01 gram. 

Percent Rubber;  Stir the sample well and measure out 10.0 ml. with a 
pipette or volymetric flask calibrated to contain.  This is added drop- 
wise to at least 80 ml. and not more than 100 ml. of acetone containing 
0.1/? KSCN in a centrifuge tube.  The pipette is rinsed with benzol until 
clean, using as small a quantity of benzol as possible.  This is centri- 
fuged five minutes at 2000 r.p.m.  Decant the acetone layer emd wash the 
rubber with acetone ujitil it fails to color the acetone. The rubber is 
then quantitatively transferred to a weighed petri dish, using benzol to 
wash the centrifuge tube. Evaporate the benzol on a steam bath in a hood. 
Dry the sample at 90^0. vâth house vacuum for one hour.  Cool the sample 
and weigh to 0»01 gram. 

The accuracy of this method was ample as a control for pilot plant op- 
eration, and its rapidity (complete report within 2 hrs. after sampling) 
permitted a continual check on operating conditions. The method was ex- 
actljr reproducible to the degree of accuracy indicated {tZ%)  which v/as 
sufficient for calculation of pilot plant compounding formulas. 

Attempts to Purify and Process Goldenrod Rubber by Emulsification. At 
the time that this v/ork was conducted it was urgently dési7ed to reduce 
the stickiness property of the raw ¿goldenrod rubber so that .it- could be 
readily handled.  The formation of an artificial latex by emulsification 
and subsequent coagulation of the rubber with acids was considered.  Stud- 
ies wore made using the following general procedure: 

1. Benzol rubber solution and water solution of chemicals emulsi«^' 
fied in blendor (high speed agitator type). 

2. Mixture blended for 4 to 30 minutes. 

3. Emulsion contrifuged to determine its stability* 

(over) 
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4«     Benzol  distilled  from oraulsion liîider vacuum or at atmospheric 
pressure» 

5*  Rubber coagulated by addition of acid# 

During the course of experimentation the effects of the following variables 
were studied; (1) type of emulsifying ¿¿gents used, (2) order of addition 
of rubber solution, emulsifying agents, and other chemicals, (3) degree and 
time of blending or mixing, and (4) the acids and concentrations used for 
coagulation» 

Either one or a combination of stéarates and oleates of sodium, potassi- 
um, and ammonium served as the emulsifying agents which were prepared direct- 
ly in the blendor by addition of the oleic or stearic acid and one of the 
hydroxides»  In several experiments, one or more of the following chemicals 
were added to the emulsion mixture; casein, zinc oxide, agorite, bentonitc, 
and sulfur chloride, the last as a vulce.nizing agent» Stirrers with speeds 
of 1500 and 5800 R.P.M. and blendors with a speed of 10,000 R.P»M» vrere 
used v/ith mixing periods varying from 4 to 30 minutes»  To coagulate the 
nabbcr from the emulsions, various concentrations of acetic, hydrochloric, 
and sulf^aric acids were tried» 

Several fairly stable emulsions xrore prepared from the above combinations; 
however, the rubber coagulated by the addition of acids was consistently 
sticky to some degree and unsuitable for*handling» The best results were 
obtained with oleic acid and potassium hydroxide as the emulsifying agent, 
although it would have been preferred to use stearic acid because of its 
use as one of the compounding ingredients for final vulcanization» öiluto 
sulfuric acid gave the best results as a coagulating agent» From the stand- 
point of stability of emulsion, non-sticky properties and appearance of the 
rubber, a typical procedure and formula was as follows; 

Ingredients added in the follovdng order to a 'Taring blendor ro- 
tating at 10,000 R»PJ;i. 

(a) Benzol rubber solution -'40 cc» *- concentro-tion 0»125 g/cc. 

(b) Oleic acid - 5^0%  based on weight of rubber» 

(c) Agerite - O.IJ?. 

(d) KOH - 50 cc, of 0»05 N. (aided slowly). 

(e) ¥ater - 100 cc. added after five minutes of blending» 

Blending v/as continued for a total of 15 minutes»  The benzol was dis- 
tilled under atmospheric pressure, xvith less difficulty due to foaming than 
was experienced in using vacuum»  Rubber in the emulsion v^ras coagulated with 
1»8 cc» of dilute sulfuric acid (0»6 Uormal -), the rubber beginning to sep«*- 
arate at pH 5»0»  This product was sticky» 



Three vulcanizatos vrore mado of rubber obtained by coagulating emulsions 
prepared with KOH and stoario acid, and using a 1500 R.P.M. stirrer and 
50 grams of rubber in solution» The following tensile strengths were ob- 
tained; 

Curo Tonsilo Ultimate 
© 2600p. Strength Elongation Remarks 
Mins. p.s.i. 1 
15 2295 600 No D.P.G. 

10 3040 625 D4P.G. Added 

30 2665 525 Tread Stock 

The first ta^o vulcanizatos vrere prepared from a different batch than the 
last vulcánizatét The tonsiles for the first two are higher than the aver- 
age for untreated goldenrod rubber, whereas the tensile for the tread stock 
is comparable to that of untroatod goldenrod rubber in similar stocks» 
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XIII PHYSICAL CHEMICAL INVESTIGATIONS 

■ ^ •       A - EXTRACTION WITH SOLVENTS 

Extraction of Rubber from Air^dried Goldenrod Leaves with Benzene Direct 
(omitting acetone extraction)> The possibility of direct benjsene extraction 
of dry goldenrod leaves, omitting acetone extraction, has been investigated» 
A report on a microscopic examination indicated that after five hours of hot 
extraction, almost all of. the rubber had been extracted from virhole leaves 
though a considerable amount of the r?sins.ptill remained in the leaves« 

Two methods of purifying the benzene extract were used. In the first, it 
was passed through a column of activated alumina. This left in the rubber 
a considerable percentage of a wax-like material which seemed to cause the 
vulcanízate to have almost no tensile strength. This step was therefore fol* 
lowed by acetone precipitation resulting in a product giving a fairly good 
vulcanízate. The second method used for purification of;;the benzene extract 
was acetone precipitation alone. This gave a a better vulcanízate, Tlie de- 
tailed procedure of typical experiments will be given. 

Method 1» 395 grams of ground air-dried goldenrod leaves,were hot ex- 
tracted for 2k  hours by suspending in an extraction thimble directly above 
1500 cc of boiling benzene containing antiöxiäants so that the reflux perco- 
lated through the sample. The extract, dark brownish green in color, contain- 
ed Ik  grams of total solids. It was passed through a column of activated 
alumina yielding a transparent orange yellow solution which was evaporated to 
dryness, A small portion of this product gave a vulcanízate of* too low a 
tensile strength to measure. The main portion was therefore redissolved in 
benzene, precipitated víith acetone, v/ashed with water and dried. 

The acetone-benzene mother liquor obtained pn acetone precipitation was 
evaporated to dryness. The residue was taken up with ethyl alcohol and sapon- 
ified with % KOH in ethyl alcohol. The greater part of the alcohol was dis- 
tilled off. The residue taken up with v/ater was extracted with several fresh 
solutions of diethyl ether, (l) The non-saponifiablë fraction, 2,6 gm,^ 
orange in color, seemed to be crystallizable from acetone. (2). The sapon- 
ifiable fraction vms acidified in the HCl to precipitate the free acids. The 
solution v/as extracted with ether and the ether washed, dried, and evaporated 
to dryness. The residue, 1.16 gm., seemed to be crystalline in^ character« 

Method 2, 370 grams were extracted for 6 hours over 3 liters of benzene 
as in method 1, The benzene extract was concentrated. The rubber was pre- 
cipitated by acetone, washed and dried (A6 grams). Its precipitation value 
was 4-,30 cc and its resin content 19^, 

The report on the vulcanízate was as follows: 

Vulc, No, Time of Cure Tensile Strength  Ult. Elong, 
min. ...._..«......^«^.-.,.,-..,.,.-^  p»Soi^         % 

"" 22AC 30 1265 800 
224A A5 U65 790 
22AB     60 __ 1¿9S 770 

<■<« >i I mill   III I I   > Mil II   I.       I    II      I        I        I      I I (I   I mm   i  I I    III I» m      |i      iw    «111,1 HI  ■■■III« I ^     *ii— Ill   I     i|' <■■   Bi     III   'I* ■■ wmmmmfmmmmmmm0^ i    ii 
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The following tabulation shows the rate of the benzene extraction of a 
175 gram sample of ground dried gpldenrod leaves when carried out by the same 
method aö described above♦ 

T^tal Hours       ; . Total Grams Extracted     % Extracted  .  • 

3 26.25 15*00 
6 28,a 16.27 

2A 31*02 17.76 

Rate of Extraction of Rubber by Different Solvents. The accompanying 
figure, XIII-A^-l, shows the results obtained by hot extraction with benzene, 
toluene and xylene, starting with ground dried goldenrod leaves previously 
acetone-extracted in the pilot plant. 18-gram batches v/ere hot-extracted by 
suspending each in an extraction thimble directly above the boiling solvent 
so that the reflux ran ba^ck .through the sample. Fresh solvent was introduced 
at intervals and aliquots of the extracted solutions were evaporated to dry- 
ness in a nitrogen atmosphere to follow the rate of extraction. The residues 
after "exhaustiye" extraction with benzene and toluene were further extracted 
with xylene as shown. 

In the case of all thi*ee solvents, some 75^ of the material extractable by 
the solvent in question was extracted within the first hour, about 85^ within 
the first three hours. Apparently xylene is much more efficient than toluene 
or benzene. It extracts almost 15^ more, i.e., 6.2^ of total solids (rubber) 
instead of about 5.3^ on the basis of the dried acetone-extracted leaves. 

B - PURIFICATION 

1. Adsorbents 

The benzene extract of goldenrod rubber obtained in the pilot plant con- 
tained, in addition to the rubber, considerable amounts of "resins" including 
fats, Wi^xes, pigments, traces of metals, etc. Preliminary results obtained 
with several activated adsorbents established the use.of adsorbents as a 
possible method for the partial "purification" of these benzene extracts. 

Experiments were carried out to establish the following: 

(1) Evaluation of adsorbents in goldenrod rubber purification. This in^* 
volved (a) estimations of the resin- and pigment-removing properties of the 
various adsorbents and (b) the effect of the adsorbent on the quality and 
yield of the rubber so obtained. 

(2) The use of Chromatographie technique (a) in the separation and analysis 
of pigments in the acetone extracts of goldenrod leaves and (b) in the remove 
al of pigments from the pilot-plant benzene extracts of goldenrod rubber. 

(3) The removal of metallic constituents (Cu, Mn and Fe) from benzene 
extracts of goldenrod leaves by adsorbents. 

over "^ 
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(a) Removal of Resins, 

Evaluation of Adsorbents, The following table summarizes thé preliminary 
results of a systematic.attempt to find the ra^ost suitable adsorbents for the 
separation of "resins" from benzene extracts of goldeiifod ïèàAfèo"* Pilot - 
plant benzene extract from goldenrod leaves was used for this set of experi- 
ments. It was first diluted from a concentration of 13#37 gm/lOO ml. (I6jâ 
by wt.), as reôe*ived, to a concentration of 1*064. gm/lOO ml. (approx. 1^)> 

One hundred ml. samples of this stock solution^wèrè added to'250 *mii cen- 
trifuge bottles containing 5f0 grams of the different adsorbents listed. 

The silica gel v/as about 8 mesh to begin with. These granules were ground 
in a ball mill then screened to a 70-100 mesh size. The poT/dered'material 
was then dried in an oven at 150^ G. for 2 hours and allov/ed to cool to room 
temperature in a vacuum desiccator over 'P2^5^ 

The centrifuge bottles were shaken for 1/2 hr. in a Burrell. shaker and al-* 
lov;ed to stand over night to establish equilibrium. The bottles were ceptri- 
fuged for l/2 hour at about 1000 r.p.m. in an International centrifuge Size 
1, Type SB. The supernatant materials were decanted into a funnel through 
folded filter paper. The filtrates were collected in a 100 ml. graduated 
cylinder and the volume and color noted. Ten ml, samples of the filtrates 
were taken for total solids estimations. The remainder of ,the filtrates v;eré 
transferred to weighed flasks for evaporation and precipitation.of the rubber. 
These solutions are called "Supernatant A**. - 

By experimentation on the stock solution it v/as decided that the best co- 
agulum could be obtained when the rubber v/as precipitated from a syrup v/ith 
absolute ethyl alcohol. The "Supernatant A" solutions vmre evaporated to a 
syrup and the rubber precipitated with 100 ml. of absolute alcohol. The 
coagulum v/as allowed to stand at room temperature for- 20 hours.   . .. ¡ 

The supernatant liquor from the above precipitation was decanted into 
weighed evaporating dishes. The "rubber" vías washed twice with small 
amounts of alcohol and acetone. The washings v\fere added tq the, main super- 
natant and the combination evaporated to dryness under a stream of CO2. This- 
solution is called "Supernatant B". 

The rubber precipitates v/ere dried in an oven at 100° G. and placed in a 
desiccator, cooled to room temperature and weighed. 

The data reported in the following table show (l) holdup by the,various ] 
adsorbents, (2) the amount of rubber obtained using each adsorbent, (3) the 
amount of "resins" not adsorbed by the amount of adsorbent used, and (4) the 
effipiency of color adsorption by various adsorbents. 
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EFFECTIVENESS 
TABIE 

OF ADSORBENTS 
I 
IN OBTAINING RUBBER FROM 

BENZENE EXTRACTS 0^ GOLDENROD 
•*     ' ' •■   " 

Starting with 100 ( 
plant rubber• 

3C, of t 3 besnzene solution containing 1.064. gm ,  of pilot 

Adsorbent 
t      1 
:Holdtç> 
Î ce. 

s     2 
îRubber Obtained 
:.   me. 

!    • ■ 3    
î Reains not Adsorbed 
:    ,  ,ine. 

: 4 • -  • 
: Color of 
: Solution 

None ' 
II 

: 6.5 
í 7,0 

:   881 
:   876 

:      15.-^ 
:      17.-4 

:Dark Green 

/Activated Charcoa^ 
t Merck          / 

: 28.0 ! 
! 2A.0 ! 

i   557 
!   598 

!      6,0 
1- 

/food Charcoal] 
\ Merck      ' 

! 17.0 

1 16,5 
:   769 
!   780 

•       —* 

1     13.3 • 

/Animal Charcoall 
^Sargent     / 

» 
; 12.0 
! 12.0 . 

:    792 
1   795 

\                8,9 
9.5-      ! 

!?ale Yellow 
If 

/Black G-ELF \ 
^Sargent   / 

i 23.2 
: 23.2 

:   660 
î   661 
1 

!       8.0 
:      9.5 

:Water White 

Nuchar #2 

■ 

1 

! 28.0 
: 28.0 

1 

í   600 
s   599 

Í      7.4 
s      6.7 : «- 

/AI20. 1 
{ Merck / 

í          « 

! 10.5 i 
t ll.A 1 

!   821 
i    810 

1 

!      9.9      * 
Í      10.2      ! 

tPale Green 

/AI2O3 j 
V Baker/         ! 

! 10,2 1 
í 10.2 Î 

í    810 
t    810 1 

!      11.2 
!      13.0 

tYellow Green 
jtf 

/MgO        \   ! 
\ Baker's Heavy/   s 

! lA.O i 
: 13.0 : 

i   753 
7it5 

î 
• 
a 

15.2       1 
12.2      : 

îYellow 
ff 

/MgO        \ 
\ Baker•s Light J       \ 

! 39.2 i 
! AO.O 

!   506 
!   507 

I 

6,6      ■'! 
¡      6,0 

lîater ïïhite+ 
»tf 

/Fuller's Earth] 
V Sargent    y   ! 

! 9.0 
8.7 i 

í   8^5 
8A6 

!      11.4. 
11.3'      : 

îGreen 
tf 

B.C. Clay : 10.5 i 
11.0 ! 

825 
811 

7.0       1 
7.0       : 

Pale Yellow 
11 

/ Silica gel \             : 
Í Sargent  /     : 

12.5 i 
U.O*: 

7A0 

1U9 

\ 
: 
• • 

3.9*      î 
5.0       : 

Green 
tt 

Bentonite       ! 11.2 i 
12.0 ; 

81/, 
803 

• 

: 

î 

5.8       : 
5.2      : 

Pale Green 
If 

over ;  r' 
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TABT.F. I-con't. . 

Adsorbent 
:  1 ! 
:Holdup 
: cc. 

!     .  2    .   ! 
jRubber Obtained 
! _   mg. _ _ 

!       3  ■ 
8 Resins not Adsorbed 
: , ,.., .-•mgv," . 

:   4 
: Color of 
: Solution 

/Nuchar \ 
\ Eastman / 

: 31.0 
! 32.5 

!    566 
!    530 

:     4.8 ' 
:      6,0. : -- . ■ 

/ Darco \ 
i^ Eastman ) 

: 25.2 i 
! 23.2 

1    478 
!    A82 

:     25.0 • 
!     28;4 ■ 

• — 

/Norit  Y      Î 
( Eastman 1       : 

3S.0 ! 
19.0*s 

475 
438 ' 

2.^ • 

7.5 •     ! *•■• 

■^ Slight loss of sample '    \   ,' ". 

Four adsorbents were chosen from the original 17 as having properties that 
might be useful in goldenrod rubber processing. The adsorbents chosen were 
activated carbon - Merck^ AI2O3 • Merck, Nuchar #2, and Ëlack G-ELP - Sargent 
Company, 

Each adsorbent was used to clean up approximately 100 "grams of goldenrod 
rubber, Pilot Plant Run #3, by the slurry method. The.samplep of rubber ob- 
tained v/ere submitted to Engineering and Development for evapQration and vul- 
canization using the solution method of compounding.  '  '   : 

The results reported by the Engineering and Development* Division are list- 
ed bolo\7 : *   , 

(1) Using Nuchar Í2 • ■      \ 
■ 

Vulc. No. Time of Cure Tensile Str. p.s.i. Elong. fo 
210-A 60« Very much undervulcanized 
210-B 120» 465           ■  . 700 
210-C 150' 270 600 
210-D 180« 570          • ■' 725 

( 211-C 30' Undervulcanized 
Acetone ( 211-A 60' 930 665 
pptd.  ( 211-B 90' 250          •  • .  365 

(2) Using AI2O3 - Merck Ignited 
: 

Vulc. No. Time of Cure Tensile St^. p.s.i. Elong, % 
208-A 60« 690 850 )Undër 
208-B 80' 13á5           '■     ' - •' 750 )v,ulc.' 
208-C 100« 1125           ■  ■ . 675 
208-D 120« 1235 665 

( 209-A 60' 66Ö ; 800 Under 
Acetone * '    * vulc. 
pptd.  ( 209-B 100« 1435 , 750 
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(3) Using Activated ,Carbon - Merck 

Vulc. No. Tirae of Cure  Tens 5ile Str. p^s.i. Elone. % 
180-B . 80'  , .- ... 1120 ■ - • • 800 
180-C •  105' 1570 800 
180-D 120« 1270 775 

( 188-A 80' 1660. . 850 
Acetone ( 188-B 100' 1800 800 
pptd.  ( 188-C 120' 1830 725 

(A)  Usine Black G-ELF *- (Sargent) 

Vulc. No. Time of Cure  Tensile Str. p.s.i. ■ Elong, % 
181-A 80' 105Ô 750 
181-B 60« 1110 750 
181-C AC 1570 800 
ISl-D 35' • 1330 800 

( 189-A 40' 1920 775 
Acetone ( 189-B 30' 1880 850 
pptd,  ( 189-C 50« 2115 775 

It is evident from these values that the various adsorbents had different 
effects on goldenrod rubber. This might be caused by the removal of bene- 
ficial or of undesirable substances or by degradation of the rubber itself. 

(b) Removal of Pigments. 

Separation of Pigments from Acetone Extracts of Goldenrod Leaves.. A pilot 
plant acetone extract v/as evaporated to dryness and the residue v/as extracted 
with petroleum ether. The petroleum ether extract was passed through an ad- 
sorption column of activated alumina and a chromatogram developed; The chro- 
matogram exhibited evidence for the existence of 11 different pigments. The 
most prominent pigments v/ere the chlorophylls and the carotenes. These zones 
Vijere isolated from the chromatogram, the pigments v/ere eluted and the eluates 
submitted to the Physics Section for spectroscopic study. They reported the 
definite identification of two of the pigments as chlorophyll and carotene^ 

Effect of Various Pretreatments of Goldenrod Leaves on the Chlorophylls 
The Chromatographie technique was employed in ascertaining the destructability 
of chlorophyll by various chemical reagents and treatments. Acetone extracts 
were made by the Engineering and Development Division of goldenrod leaves which 
had been predigested with 2% NaOH, 3%  H2SO;, and with 2^ NaOH followea by 3% 
H2S0^^ They were evaporated to dryness and extracted with petroletmi ether. 
The extracts v;ere passed through adsorption columns of MgO and chromatograms 
Viere developed. Zones were eluted and submitted to the Physics Section for 
spectrographic analysis. Chlorophyll v/as found in the cases where the leaves 
had been digested (a) for 3 hours with 3%  H2S0¿^^ and (b) for 1 hour with 2% 
NaOH and 1/2 hour with 3%  HgSO.. No chlorophyll was present in the case of 
3 hour predigestion vdth 2% NaOH. 

over 
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Pi-psence of Chlorophyll 1n Pilot plant Goldenrod Rubber, A sample of 
pilot plant rubber was dissolved in benzene. The solution was passed through 
a column of activated alumina and a chromatogram was developed. The topmost 
zone was isolated and the pigment eluted from the adsorbent with acetone. 
The Physxcs Section reported that this solution gave a typical chlorophyU 
absorption spectrum curve, t' J -^ 

Removal of Chlorophyll from Benzene Extract^ of Goldenrod Rubber bv 
¿Q|gypentsy In the systematic study of the effectiveness of various adsorb- 
ents It was shown that all of the chlorophyll could be removed by the slurry 
method on benzene solutions by various activated carbons as well as MgO pow- 
der. Water white solutions xYere obtained showing that the carotene was also 
removed. These adsorbents are more effective on the weight for weight basis ' 
than aluminum oxide. The latter if used in large enough amounts will also- 
remove all the chlorophyll completely but not the carotene from benzene solu- 
tions. For example, in the case of a solution obtained''by-benzene-direct ' 
extraction of dried goldenrod leaves a chlorophyll-free solution was obtained 
by passing the solution successively through four AlgOo columns. The spectro- 
gram of this solution was reported by the Physics Section to contain only 
carotene, . .  ■    . , 

(c) Removal of Copper. Manganese, and Iron from Goldenrpd Rubber. 

During a visit to this Laboratory, Dr. J. McGavack emphasized the impor- 
tance of keeping the Ou and Mn contents of rubber extremely low to avoid 
rapid aging and deterioration of the rubber. In this connection, he was 
given a number of small samples of goldenrod rubber for spectroscopic analy- 
sis in the U. S. Rubber Laboratory at Passaic, New Jersey. In his letter of 
October 30, 19A2, he gave a report on these samples (see table II) and stated 
that there were indications that aluminum oxide treatment and benzene extrac- 
tion, either when done direct or when done after base-acid hydrolysis, removes 
a large amount of Mn and Cu.      .. J'  » . ° ^v^» 

To test the validity of these indications it was decided to prepare a se- ' 
ries of samples to be sent to Dr. McGavack for quantitative spectroscopic 
analysis. These were prepared in the. following manner: ; 

. SpglEjl^ A sample of the original goldenrod leaves (GRG-44.) was used' 
m the preparation of the following samples: 

360 grams of these ground leaves were hot-extracted for 24 hours by 
suspending in an extraction thimble directly over 3000 cc. of boiling 
benzene so that the reflux percolated through the sample. The dark- 
brownish green extract containing 61.8 grams of total solids was 
divided into fractions as follows: 

750 gc. of this benzene extract were evaporated to dryness resulting 
in 16 grams of residue (GRD-130) - SAMPIJ: #2^ 

750 cc, of the benzene extract were acetone-precipitated, washed and 
dried giving 6,3 grams of residue (GRJ-7) - SAMPLE ëL,.^ 
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The remaining 1500 cc, of the benzene extract xirere passed through two 
columns of activated alumina giving with, the benzene washings 2450 cc» 
of a clear orange colored solution. This was divided into two equal 
parts; one-half v/as evaporated to i^ryness giving 6.grams of residue 
(GRD-131) - SAMPIE #3^ and the other half was acetone-precipitated, 
washed and dried giving 4»5 grams of residue (GRJ-9) - SAMPLE #5. 

Table III gives the results of the spectral analyses reported by 
Dr,* McGavack«        ,    > 

Treatment with activated alumina apparently removes almost all of the Cu, 
Mn, and Fo» Acetone precipitation does not remove these metals. The increase 
in iron content of samples 4 and 5 over the corresponding samples 2 and 3 niay 
be due to the presence of iron in the acetone used, which was discolored from 
the iron drum in víhich it was received. 

TABLE II , 
SPECTROCHEMIGAL ANALYSIS OF GOLDEmOD SAMPLES 
FURNISHED BY THE SOUTHERN REGIONAL LàBCBATORY 

\        (Data, fxirnished by Ù. S. Rubber Co. ) 

Treatment G.L.       Parts per Million 

Oven-dried. 1942 (GRG-3) 
Base-acid digest, of 

GRG-3 (GRD-62) 
Acetone extract from 

(GRD-62) 
Benzene extract from 

GRD-62 
Residue after acetone- 

benzene extr.  of (ÎRD-62 
Benzene extr,  of uncooked 

leaves purif.  over '     W   .*■' 
AI2O2 and acetone pptd« ' '       ' ' .   ' 

_(GRD-68i^). , 624-5   ' 11 V       '1 10 

TABLE III 
SPECTROCHEMIGAL ANALYSIS OF GOIBENROD RUBBER SAIáPLES 

(Data furnished by U, S, Rubber Go.) 

No, Sample Code 

!♦ Ground Leaves GBG-44 
2. Benzene Extract of Leaves    . GRDöljO 
3* Benzene Extract of Leaves 

treated with AI2O3 GRD*131 
4. Rubber Ppt. from (2) by Acetone GRJ-7 
5* Rubber^Ppt* from (3) by Acetone GRJ-9 
6. USF-rubber (control) XR 

over 

G.L. 
Cpde 

] 

624.r6 U 

h2U-U >50 

b2I^X .>50 

62A-2 2 

62A-3 >50 

Mn ilâ 

60 80 

2U 380 

9 <10 

1 10 

23 3500 

Parts per Million 
Cu 
15 

Mn    Fe 
%   480 

3 10     5 

0.2 0.3   1 
2 10    17 
1 0.5   17 
1 0.5  11 
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Summary of Experiments wittji Adsorbents, It has been shown that various 

activated adsorbents can be used to remove the greatest part of the •^rosins" 
from benzene solutions of goldenrod rubber* A systematic study has been made 
with a large number of adsorbents♦ 

Goldenrod rubber obtained in the pilot plant contains chlorophyll and caro- 
tene. These can be removed completely from the benzene solution by adsorp- 
tion oh various activated carbons and by Magnesium oxide powderi These a^«» 
sorbents are more effective ?ireight for weight than activated alumina which 
fails to remove? the carotenes completely. 

The acetone extract of goldenrod leaves shows the presence of eleven or 
more pigments v/hich could probably be isolated in a pure state Chromatograph- 
ically if the necessary expendá,ture of time were warranted. Chlorophyll and 
carotene have already been isolated and identified in this way as shown by 
spectrograms« Predigestion of goldenrod leaves for 3 hours with 2% NaOH 
destroys all of the chlorophyll as is indicated by the absence of chlorophyll 
in the subsequent acetone extract. Predigestion for 3 hours with 3%  HgSO^ 
or for 1 hour with 2% NaOH followed by 1/2 hour with 3% ^2^0^ does not de- 
stroy the chlorophyll. 

In cooperation \7ith the Ü. S. Rubber Company it has been shown that the 
benzene extract of goldenrod leaves contains appreciable quantities of Qu, 
Un  and Fe^ and that these may be almost completely removed by adsorption on 
activated alumina but not by acetone precipitation. 

C - PRECIPITATION VALUE (TIÏMTION VALUE) AND ITS SIGNIFICANCE IN 
CHARACTERIZATION AND EVALUATION OF RUBBER. • 

The solubility of a polymer depends upon the degree of polymerization; in 
general, it decreases with an increase in molecular weighty The direct 
determination of solubility for such substances is, however, usually very 
difficult and cumbersome as is pointed out in a recent article by 
Jirgensons (l). 

When a non-solvent is added gradually to a dilute solution of a polymer 
with thorough mixing, a proportion of non-^solvent to solvent is eventually 
reached in ivhich the- polymer is no loi^ger completely soluble. At this point 
a turbidity appears due to incipient precipitation. Jirgensons (l) used 
this simplified method of titrating to the cloud-point in order to determine 
relative degrees of polymerization in each of a v/ide variety of substances, ^ 
e.g., nitrocellulose, starch triacetates, polystyrene polymers« 

In the case of rubber, Midgley (2) (3) distinguished between fractions of 
different molecular weight by means of their solubilities in mixed solvents , 

(1) Jirgensons, J., J. prakt. Chem., N. F. 163,, 30 (194-2). 
(2) Midgley, T., Jr., Henne, A* L., and Renoll, M. ÏÏ., J. Am. Chem. Soc« 

Ü, 2733 (1931) ♦ 
(3) Midgley, T., Jr., and Henne, A. L., J. Phys. Chem.,.vj6, 2SB0  (1932)* 



and in this connection used the "standard precipitation point" as a charac- 
terizing property. This point was defined as the temperature at which a 
slowly cooled mixture of 0,85^ of the rubber, 28,55^ absolute alcohol and 
70»60^ benzene shows a sudden increase of turbidity. In the present inves- 
tigation, a simple titration procedure similar to that of Jirgensons has been 
developed for distinguishing betweerï various.rubber samples. Various appli- 
cations of the method have been made and information has been obtained as to 
its significance and limitations• 

Experimental Methods 

Titration. The procedure is as follov;st One gram of the rubber sample is 
dissolved in 200 cc. of reagent grade benzene in a stoppered flask by allow- 
ing it to stand overnight or until solution is complete^ To clarify the so- 
lution one gram of Merck's activated charcoal is added and the solution is 
slurried and allowed to settle at least 15 minutes* The slurry is then fil- 
tered through a filter paper on a Büchner funnel previously prepared by fil- 
tering a small benzene slurry of activated charcoal and filter cell and wash- 
ing with benzenoi^ The rubber solution is not added until the benzene comes 
through clear. No washing is necessary. 

Total solids are determined on the clarified soluticms by evaporating an 
aliquot in an impinging stream of nitrogen under a bell jar. The solution is 
then diluted v/ith'benzene to such a concentration that 100 cc. contains 
0.175 gm. of total solids. 

10 cc. of this solution is titrated in a 30 mm. test tube by adding abso- 
lute ethyl alcohol from a burette with agitation until the cloud-point is 
reached. The cloud-point is observed by looking through the solution at a 
black and white background illuminated by a fluorescent lamp and is easily 
discernible with a reproducibility of 0*05 cc. for values up to 5 or 6 cc. 
The temperature of the solution^ is nov; measured and the precipitation value 
is obtained by applying a slight correction, 0.05 cc. per 1^ C, to the vol- 
ume of alcohol required. The reproducibility decreases for larger volumes 
of alcohol; endpoints of more than about 25 cc. cannot be determined because 
of the high degree of dilution. 

The preparation and storage of the rubber solutions should be carried out 
as far as possible in the absence of light, since exposure to light results 
in an increase in the precipitation value. The absolute alcohol should be 
protected from moisture. 

The "precipitation value" (also called 'nitration vialue") is defined as 
the number of cc. of absolute alcohol necessary at 25^ C. to produce a 
cloud-point in 10 cc. of a clarified benzene solution containing 0.0175 
grams of sample. 

Other methods of procedure v/ere tried for making the solutions clear 
enough to be titrated. Aluminum oxide columns similar to chroma^tographic 
columns vjere employed and though effective, were too slow to be practicable. 
The precipitation value obtained 'seems to be independent of the method of 

over r^ 
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clarification used; a sample of hevea smoked sheet gave the same value v/heth- 
er clarified by slurrying v/ith activated carbon, by filtering through cotton, 
or by passing through a column of activated alumina* 

The precipitation value is not very sensitive to errors in the rubber con- 
centration« Solutions of hevea smoked sheet and goldenrod rubber of various 
concentrations vmre titrated; for hevea, it v/as difficult to obtain good 
cloud-points for concentrations above 0.3 grams per 100 cc, due to the ten- 
dency of the rubber to precipitate in the form of agglomerates» The results, 
shovm graphically in XIII-C, figure 1, indicate that for hevea and goldenrod 
the same precipitation values would be obtained vathin the limit of error, 
0.05 CO., for any concentration between 0.150 and 0.200 grams per 100 cc» of 
solution. 

The effect of temperature on the precipitation values of hevea smoked 
sheet and goldenrod rubber was determined by performing the titration at 
various temperatures between 20^ and 50^ €♦ The data obtained, plotted in 
XIII-C, figure 2, can in each case be represented by a straight line within 
the limits of error through the range considered, each having a slope of 
about 0.05 cc, per ^ C. Thus to correct precipitation values to 25^ C., 
0.05 cc. is subtracted for each degree above that temperature. This value 
has been assumed to be applicable to all types of rubber in the present in- 
vestigation for temperature corrections of a few degrees. 

Viscosity Measurements. Viscosities were measured by means of Ostwald 
viscosimeters as modified by Zeitfuchs iU)j  using the' technique of 
Craxton (5)» 

They were determined at 25° C. in benzene solutions containing 0.175 
gram per 100 cc. The same rubber solutions can be used for these determi- 
nations as are used for the precipitation value determinations if special 
precautions are taken to obtain the correct concentration. The viscosimeters 
Viere calibrated with benzene and checked against water. The results were 
calculated as absolute viscosities, >%, in centipoises, at 25° C. The abso- 
lute viscosity of benzene at 25° v/as^taken as 0.608 centipoise» 

Throughout the following experiments precautions v/ere taken against un- 
due exposure to light• 

Results and Discussion 

Data for Various Samples of Rubber. Precipitation values and viscosities 
were determined for benzene extra-cts of goldenrod rubber obtained from the 
various pilot plant runs and also for specimens of different types of natu- 
ral rubber. The results are tabulated in tables I and II, respectively. . 

U)    Zeitfuchs, E. H., Nat'l. Petroleum News, Jl, 109 (191A); Proc. 9th 
Midyear Meeting Am. Petroleum Inst., Sec. Ill, Refining, 20, 104 
(1939)* 

(5) Craxton, F. C*, Ind. Eng. Chem., Anal. Ed., 2áj  593 (19A2)* 
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Leaving gutta percha out of consideration as an exception, the precipita- 

tion values varied from 3*80 cc. for hevea smoked sheet to 5.30 cc. for the 
poorest goldenrod rubber, Pilot Plant Run #2» In general the lower the pre- 
cipitation value, the greater the viscosity of the rubber sataple. No'sim**' 
pie relationship exists, however, nor in view of other results i^eported be* 
low, would it be expected* . 

The average.precipitation value and viscosity for the various pilot plant 
extractions of goldenrod rubber is U^iS  cc» and 0.681 centipoise, respec- 
tively, A poor grade of rubber gives a very high titration value and a Im 
viscosity.. Pilot Plant Run #2 gave the highest precipitation value, 5.30 cc, 
and a very low viscosity, 0.649 centipoise.  This sample resulted from the 
extraction of "goldenrod leaves from dead and field-dried stems" and was very 
much degraded judging (1) from fractionation data given elsev/here in this 
report and (2) from the fact that the sample was extremely sticky and semi* 
liquid. On the other hand. Pilot Plant Run #17 (acetone precipitated) prob- 
ably the best goldenrod rubber extract obtained, gave a precipitation value 
of 4-.30 cc. and a viscosity of 0.728 centipoise.  This sample was in a sense 
partially purified from degradation products since the acetone used in the 
preliminary extraction of the leaves contained some 20^ of benzene and it has 
been shown that a mixture of acetone and benzene dissolves some of the lower 
molecular fractions of rubber. This sample of rubber was fairly hard and 
practically non-^sticky. The relationship between the precipitation value and 
viscosity will'^be further discussed below in connection with additional data. 

In the case of the goldenrod rubber samples, all those having precipita- 
tion values below A.40 cc. had high viscosities, above 0.685 centipoise^ 
For precipitation values above 4-80 cc. the viscosities were low, below 
0,650 centipoise*  There seems to be no definite relationship betv/een pre- 
cipitation value and viscosity, however, v«hen the precipitation values lie 
between 4.40 and 4.80 cc, the corresponding viscosities vary inconsistently 
between O.65O to 0,720 centipoise#  These inconsistencies can bo explained 
in the light of other experiments described belov»;. 

The values in table II can be considered characteristic only of the particu- 
lar specimen tested and not necessarily of the variety of rubber since the 
samples were of unlcnown history. It is well known that rubber may undergo 
degradation on'aging due, for example, to oxidation or light exposure. This 
is illustrated'by the data given in table III for a sample of guayule rubber 
after various periods of time. The sample v/hich was rather spongy in ap- 
pearance v/as in the form of a large lump' and was kept protected from light 
in a laboratory drawer. In ten months the precipitation value had risen from 
3.90 to about X.'^Q  cc. and the viscosity had decreased from 0.98 to 0.73 
centipoise*  In the meanv/hile the sample had become very sticky. This be*^ 
havior is not,'however, typical of all the guayule samples studied. 

ovc^r 
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TABLE I 

PEECTPITATIOH VALUES A1ÍD ABSOLUTE VISCOSITIES OF 
PILOT PLANT GOLIEMOD RUBBERS 

Pilot Plant No. Precipitation f^a at 25® C.   in "benzene 
Riin No» Value at-25* 0, 0,175 glu« per 100 cc. 

PP# CO. centipoises 

2 

i 
,    5.30 O.6U9 

¿.30 «■»•..«»IM.— 

5 ^.30 
6 1^.35 
7 H.25 ^.    .. 

g ^.30 
9 U.30 0.6g9 

10 H.25 0.692 
11 kM 0.69g 
12 i+t50 0.697 
13 (U to 6 hrs.) U.1+5 0.695 
13- (7 to 2I+ hrs.) U.55 0.655 

U.35 0.692 
15 1^75 0.662 
15 (no nectol H) 5.00 0.6UU 
16 5.00 0.6Ug 
17 (1st 10 hrs.) U.Ho 0.722 
17 (2ná 10 hrs.) H.65 0.677 
17 (Acetone pptd.) K30 0.72g 
18 %.k3 0.692 
IS (Acetone pptd.) • i^.35 0.693 
19 ^.35 0.69g 
20 U,6Ö 0.663 
21 Kk3 0,665 
22 U.60 0.652 
23 ^.55 o,6go 
2k U»55 0.663 
25 1+.50 o.6go 
26 (1st 12 hrs.) ■       U.U5 0.703 
26 (2nd 12 hrs.) ■: U.60 0.672 
27 (1st 12 hrs,)   . 1+.55 0,692 • 
27 (End 12 hrs.) H.55 0.666 
2g H.go 0.670   ' ^ 
29 ^•H5 0.6g3 
30 (1st 12 hrs.) ^.35 0,716 
30 (2nd 12 hrs.) U.I15 0.6g5 
31 I^.UO 0,695 
52 U.50 0,6gl 

'^ 

1^.60 0.690 
h.h3 0.6g7 

35 1+.U5 0.6g2 
PP-a* H.U5 0,676 
PP-e** 

jrage Value    U,4g 
^.6g5 

AV6 0,6gl 
• I9U3 Crop, Sample UoH-E-l 

** I9U3 Crop, Sample UOS-E-79 
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•   TABEE  II 
PRECTPITATTOK VALUES AHD ABSOLUTE VTSOOSITISS OF VARTOtJS 

HATURAL RUBBER SPEGIMËHS OF UHKHO^>ffl .KTSTORY» 

Saçjple 

Hevea (Piirlfîed crepe sheet) 
Cryptostegla (smoked sheet) 
Castilla (smoked sheet) 
Hevea (smoked sheet)  • 
Hevea (yellow crepe) 
Kok-*Saghyz 
Guayule 
Chiite (commercial) 
Guayule (Mexican Resimus) 
Guayule (Domestic Deresinated) 
Guayule (Mexican Deresinated) 
Guayule (Domestic îlesiasous) 
Gut ta Percha 
Gutta Percha (aged sample) 
Goldenrod (average) 

Precipi-   *f a at 25** 0. in henssene 
tation     0»175 &^^  P®^ 100 cc'*\,.\ 
Value at 

CCf 

t 

3.90 
3*95 
U.oo 
3* so 
.90 
.15 

3*90 
U.05 
Uao 

U.20 
U.20 
3.65 
1^.15 

ceàtipoises 

2,k. 
1.9 
l.g 
l.g 
1.2 
1.1 

0.9g 
0.97 
0.92 
0.97 
0.85 
0.73 
0.66 
0.6g 

* These values can be considered as characteristic only of the particular 
specimen and not necessarily of the variety of rubber; 

lâSLB ni   '.■■' ^ 

EFFECT OF A&IHO 07 SAMPI.E OF SUaYÜIiS (PC>U^7) OH 
PHEOIFlTATIQj^ VALTIS AHD VlSCOSfW 

Date 

Jan, 16, 19U3 
Oct. 27, 19U3 
Nov. 13, I9U3. 
Nov. 23, I9U3 
Jan. 12, 19U4 

Precipit'ation Value 
*Za at 25" 0. in Benzene 
0,175 ga. In 100 cc. 

cc« 

3.90 
U,25 

H.U5 

centipoises 

0,9g. 
0.g2 
0.75 
Oí 75. 
0.73 

over 



It has "been found that in gênerait treatments such as mastication, heating 
and exposure to light, which are known to cause a decrease in the viscosity 
of ruhher, cause an increase in the precipitation value. 

Mastication^ A sample of .h^vea smoked sheet was extensively masticated 
hy a stepwise process in a mill TDy setting the rolls successively closer 
and closer together. Samples were taken off after treatment at each set- 
ting* The precipitation value changed progressively from the original value, 
3»S0 cc, as follows: Î+.25, k.GO,  U.gO, U.25 cc. The viscosity of the 
final product was 0»6S centipoise as compared to l.Sk for the original un- 
masticated sample« 

In another experiment the mastication was carried approximately to the 
extent usually attained for compounding.. The viscosity ha.d decreased from 
l.Sk  to 0.73 centipoise and the precipitation value from }^S0  to U.U5 cc. 
This change in precipitation value corrohorates the finding of Midgley, 
Henne and Renoll (6). that their "standard precipitation point" for a pale 

. crepe ruhher was reduced hy milling. 

Heat. The precipitation value of hevea smoked sheet was changed from 
, 3.SO to i^#00 cc. hy heating the solid for 6 hours at 120^ C. in an air 
r oven. 

Irradiation» Exposure to light, also is a cause of an increase in the 
precipitation value. Xlll-CV-e figure 3, gives a graphical representation of 

. the results obtained in a preliminary experiment. The ruhher samples were 

. dissolved, clarified, and diluted to a concentration of 0*175 gni. per 100 
t cc. of benzene solution "by the usual procediire. 10 cc. aliquots were then 
, exposed in Pyrex test tuhes at a distance of 12 cm. from a Mazda hulht re- 
, moved at the intervals indicated and titrated. As shown by the figure, the 
rate of degradation increased rapidly in the order hevea, guayule, golden- 
rod, cryptostegia. It was foimd that Agerite, Plectol H, and other anti- 
oxidants inhibited this reaction while the presence of chlorophyll and 
other activators enhanced the rate of the reaction, lihen a trace of chloro- 
phyll was added to the original hevea solution, for example, a sixty minute 
exposure caused the precipitation value to change from 3.gO to 9»30 ^^* 
instead of from 3.80 to 3«90 cc.. . This affords a possible explanation of 
the different rates of dégradâtiin.of XITI-C,-.e figure 3, since the rates 
increased in the same order as the depth of green color in the clarified 
solutions» The hevea so lu ti on., was almost water-white .and the cryptostegia» 
which was a benzene extract of the leaves, was quite green* It was obBerved 
that different goldenrod solution« give different rates according to the 
efficiehcy of the removal of the coloring matter. '"[[ ^ 

The rate of change of the precipitation value dur^ing .irradiation is 
greater at higher tempera,tures. Aliquot samples of a bejizene solution of the 
goldenrod rubber, Oél75 gram per 100 cc. of sólutlojn, were' placed in Pyrex 

(6) Midgleyi T. Jr., Henne, A*t and Renoll, M. V., J,. Am. Chem. Soc, ¿+, 
3381 (1932)^ 



test tulles 6 cmt from a Mazda lamp and irradiated for 1 hour. The original 
solution had a precipitation value of U.UO cc. In the case of two'seta of 
duplicates cooled l)y electric fan (temperature of the solution 31 ^C,) the 
precipitation values at 25® 0* were 7«6^and 7»U cc#; the corresponding 
values for two other sets of duplicates w^'thout fan cooling (^55^ C.) were 
g,6 and S.Z  cc. 

The following experiment was performed in the study of the relationship 
between the change in viscosity and precipitation value during irradiation» 
A large hatch of a henzene solution of goldenrod ruhher was clarified with 
activated carhon and diluted to a concentration of Oél75 gram per 100 cc# ' 
in the usual way« Twelve 50 cc» portions,of this solution were measured 
into 125 cc* Pyrex Erlenmeyer flasks and placed in direct sunlight. As the 
irradiation progressedf they were removed one hy one, placed in the dark, 
and their properties determined* The results are given in tahle IV and 
plotted In XIII--0,-ro, figure U. 

TABLE IV» 
HSFnOT Of SUmiGHT IRRADTATTOH OH HIBOIPITATIOH VALUE AW) 

VISCOSITY OF BEH2EKB SOLUTIONS OF GOLIEBimOD RUBBER 

Exposure Precipitation Yalue at'25*'C. Ahsblute Vlscfeéîty 

Min* oc* centipoises 

0                     U,55    • " 0.682 
k                                                             ê.15 0.632 
2 7.2  0,6S2' 

12                        9.1 0.677 
16                   li.U 0.673 
20                       13.8 0.668 
25                   17.9 0.666 
30        •              22 0.661 
40 more than 25 0,652 
50 more than 25 0,6Ú6 

^ iMiiwiiiii»'     I ■ ii^^ini HI n I»  II nw  will «If! I  ii|i Mil« II (I II III »t  n III im mwiMi n ■ >i   iwiniMiiiim  »i miMuH i, ' n^i «  i> H"<>   ■»'»"»  >■» '« >■ "«• w» 'i    m » mij m n  m niin» 

The precipitation value rose rapidly to more than 25 cc^   so that it 
could not he followed after JO minutes«    In the meanwhile the  viscosity had 
decreased from 0,6S2 to 0«66l in 30 minutes and was still falling after 
60 minutes when it had reached 0,6U6 centipolse« 

Investigation of Bina.ry Mi^ctures of Rubher Samples»    Benszehe solutions 
of various kinds of ruhher were prepared hy clarifying with activated 
Carbon and making up to a concentration of 0^175 gram   per 100 cc.  of '■. 
solution in large hatches»    A considerable volume of some of these ^re then 
Irradiated in sanlight to cause degradati>on as^ indicated hy the decrease in 
viscosity and increase in precipitation value. 

Pairs of these solutions were then mixed 'in Varying proportions'and  the 
precipitation values and viscosities determined.    For example,  1,  2,  3»  ®*^« 
cc. of the first solution were pipetted into different test tuhes and 9t  St 

over . .    '• 
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7, etc# ce. respectively, of the second solution were flien pipetted in, 
so sß  to make the total volume 10 cc. in each case. The results are shown 
graphically in XITI-C,~o figures 5 to 3.    SIIT-C.-o Curve 10 is included 
here for consideration in connection with the discussion. This curve shows 
the precipitation values for mixtures of 0,175^ solution of gutta percha 
with pure "benzene instead of with another rutber solution of the same con*-- 
centration. Thus, it is really a concentration curve of the type shown in 
Xlll-Cro figure 1* 

In another experiment a clarified solution containing 0*175 gram of 
hevea per 100 cc# was exposed in a Pyrex flask to tiie light of a sunlamp 
and samples were removed after various periods» The precipitation value 
was determined for each sample and also for a mixture of 1 cc* of each 
sample with 9 oc.  of the end product,^ which had a precipitation value of 
10*50 cc» The results are given in table V» 

TABLE Y 
IHRADIATIOK OF BM^EM SOL.UTTOH Of HE TOA 

Sample No.  Exposure Time   Precipitation    Precipitation Value of 
Value        1-9 mixture with 

Sample 6 

Hours cc# cco 

1 1 U.OO 
2 5 U.IO 
3 15 5.50 
k 19 7.70 
5 21 S.70 
6 

> 
2k 10.50 

Significance of the Precipi .tatlon Value. 

UelO 
U.25 
5.10 
9.10 

10. U5 

2ITÏ-C, curves 5 *o 10 show 
quite cïëariy that l\rhile^^        is roughly an additive property the 
precipitation value is not* The viscosity is known to te a function of 
the average molecular weight. Prom these curves the precipitation value 
seems to \)0  a measure of the largest molecular weight present in the ruhher 
in any appréciable amount and is more or less independent of the average 
molecular weight. * 

Consider the case of a 0.175^ solution of hevea ruhher irradiated so as 
to change its viscosity from l.SU to 0.620 centipoise and its precipi- 
tation value from U.O5 to lU.O cc.  The addition of four volumes of the 
'irradiated samples to one volume of the untreated sample lowers the vis- • 
côsity  §f  the latter hy ahout 1.1 centipoise while the corresponding*' 
change in precipitation value is only O.I5 cc. XIH-C, ( see figure 5)» -^t 
is thus apparent that starting with these two hevea rubher solutions it 
would he possible to synthesize samples having a precipitation value of 
I+.IO -^ 0.10 cc. and having any desired viscosity Coverage molecn.lar weight) 
between l.gU and 0.77 centipoise. 
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Samples with the same precipitation value may, In fact, differ 

markedly in their T^ehavior depending on their history» This is illus-* 
trated "by sample 3 in talDle V^ A 1 to 9 mixture of this sample (precipi-- 
tationmlue 5»50 ^ö») and the end product ('10é5P cCf) had a precipitation 
value of 6»10 cc« Considerg on the' other hand^ the mixture of hevea^ 
ruther having a precipitation value of 5«50 in XITlfC. figure g*^ ^rom,  ,  . 
this curve, it is ohvious that a mixture vdth nine volume^ of a solution 
of precipitation value 10«50 ^c» would have a precipitation value of ahout 
10 cc^ . /^ ^ _.,V^      . - /^^ - 

This TDehavior also affords a possible T^asis for art explanation of the 
inconsistencies mentioned ahove in connection with talile !• In the case 
of the various «Dilot plant goldenrod rubhers, x^hen the precipitation valuqs^ 
were hetween U.Uo and U»^0 cc#, the corresponding, viscosities varied in- 
consistently between 0#650 and 0»72Ö centipoise>' This can now he accounted 
for hy assuming slight differences in mol ocular-* weight distribution in the 
pilot plant products« 

further, on the "basis of this behavior, it might perhaps he anticipated 
that the relative changes of viscosity and precipitation value caused by  
irradiation would depend upon the thickness of the layers irradiated and 
thus upon the si^e and degree of natural or mechanical agitation of the 
sample being irradiated» Thus one might expect the precipitation value 
to increase more for a given fall in viscosity if a thin layer or a small 
batch is irradiatedé In the case of a large batch, that part of the 
solution on the opposite side of the vessel from the light source may 
receive less intense irradiation and thus tend to lower greatly the pre- 
cipitation value of the final mixed product, the viscosity of which may 
be very low.- This would explain the differences in the relation of the 
precipitation mlue and viscosity of the goldenrod irradiation product 
obtained in XIII-O, figure U and those obtained for the large-batch 
irradiated solutions used to obtain the results of 'XIII«*0| figure 6. In 
the former case a precipitation value of 25 Cc# was reached when the 
viscosity had fallen to about 0*66 centipoise while in the latter, the . 
precipitation value had risen to only 15^0 cc» though the^viscosity had < 
fallen to 0.62 centipoise ♦^ 

The existence of inconsistency between the relative values of the 
viscosity and precipitation value for different rubber samples has a bear- 
ing on the application of the "standard precipitation point" of Midgley 
and co-workers. The \mderlying cause of the inconsistency is the fact 
that precipitation value is not very sensitive to changes in the concen- 
tration of the rubber solution used while the viscosity is* This is 
illustrated by a comparison of XIII^C figure 1 with figure 6, and 
figures 7, S, and 9 with figure 10* The data of Midgley, Henne, and 
Renoll (2) seem to show that this holds also for the concentration used 
in the determination of the standard precipitation point* It therefore 
follows that neither the j^clpltatlon value nor the "standard precipi- 
tation point" alone can be satisfactorily used to characterize a rubber» 
Both may prove of value, however, when considered in conjunction with 
the viscosity* For example, if two goldenrod samples gave the same vis- 
cosity, it could be concluded that the one with the lower precipitation 
value had an appreciable amount of a higher molecular weight fraction and 

over 



that it must therefore have a larger portion of a lower molecular weî^t 
fraction as a counterbalance« 

From the values for tie precipitation valueand absolute viscosity for 
hevea smoked sheet, 3^SO cc* and 1#9 centipoise,  respectively, and the 
Corresponding average values for goldenrod rubber, U.Ug cc. and 0*bS 
centit)Oisej it is apparent that hevea has a much higher average molecular 
weight« Attention is called to the fact that this very high molecular 
weight is not necessary for the preparation of vulcanizantes having good 
tensile strength and elongation; in fact, before compounding and vul- 
canizing, he vea is first broken down by mastication to a condition very 
close to that of goldenrod« This is shown by the precipitation value and 
viscosity of masticated hevea, U.U5 Cc, and 0»73 centipoise». The corres^ 
ponding values obtained for Pilot Plant Runs Ho. 17 and 3O are KMO  cc. 
and 0«722 centlpoise^  Gum stock goldenrod rubber vulcan5zates have been 
obtained in this laboratory which have tensile strengths of 2900 to 36OO 
lbs« per square inch and an ultimate elongation of 700-750^ 

Summary♦ A simple titration method has been developed for determining the 
^'precipitation value" of a sample of rubber^ This constant is defined as 
the n\3mber of cc* of absolute alcohol necessary at 2S^  0» to produce a 
cloudpoint in 10 cc. of a clarified benzene solution containing 0«0175 
gram of the sample« The precipitation "valxB, whloh really depends on 
solubility, is shown to change relatively little over a considerable range 
of rubber concentrations. It increases progressively lAien the sample is 
degraded by treatments whicsh decrease the viscosity, such as mastication^ 
heating, and irradiation« It is shown that the precipitation value and 
viscosity of masticated hevea smoked sheet and of goldenrod rubber are 
about the same# Precipitation values and viscosities have been determined 
on goldenrod rubbers from various pilot plant runs, on a number of different 
kinds of natural rubber, and on various binary mixtures of these and other 
samples of rubber partially degraded by irradiation. It is concluded that, 
unlike viscosity, the precipitation value -* and therefore the solubility - 
is not always a measiire of the average molecular weight. It is, however, 
a function of the highest molecular weight fraction present in an appreci- 
able amount. In conj\mction with the viscosity value, it sometimes gives 
information about the relative molecular weighl; distribution in two sajnples. 
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&.FRACTIOMTXOH AM) ITS GRAPHICAL RSIPRESEOTAIIOIT W TIM 
CHAEACIERlZAglOK MD EYALÜAIIOH 0? RÏÏBBBH 
      !■       Il  "^1    I   IK M,       .Util   Ij I   mil      If     Ill   I   I   ■!    I   I   M|l>lll       I !■!■       I          .      I 

A sjrstematlc investigation was made of the fractlonatlon of goldenrod 
and other rubber samples (l) to develop a suitable technique, (2) to 
determ5ne the best method for the representation of the fractionation data 
obtalnedf (3) to ascertain the reproducibility and the significance of the 
results, and (U) to compare the molecular weight distribution of various 
goldenrod rubhers with each other and with rubbers from other natural 
sour ces» 

Method of Obtaining and Analysing Data» a* Prqcedtire» The method of 
fractionating used is essentially the precipitation method used by Dr» B* L, 
Johnson described in a letter from Dy, J» IT. Street of the Firestone Eubber 
Company dated March 3i 19^3« I^ hrieff it involves the following steps.' 
Ahout 2#5 grams of the ruhher sample is 'freed from resîns "by allowing it 
to stand in acetone for 18 to ¿k hoars in the dark after which the rubber 
is dried in vacuo# Two grams of. this sample are weighed into a tall UOO cc# 
beaker with 2^ of its weight of antioxidant (riectol*H) and dissolved in 
200 cc. of benzene» (Toluene was used by Dr. Johnson). The solution is! 
"brought to 25° G* in a constant temperature bath and successive definite :• 
quantities of methyl alcohol are added to precipitate the rulDher. After 
each addition! the temperattire is raised until» txirhidity-disappears and then 
the solution is allowed to stand in the 25^C#hath until a precipitate formo 
and settles. E^ch successive precipitate is separated hy décantation, 
dried in a.streâin of nitrogen, weighed, and redi s solved' in henzene to make 
a 0#2 to 0.3^ solution. The concentration of this.solution Is accurately 
determined and its relative viscosity is measured by means of a modified 
Ostwald vlscoslmetert The intrinsic viscosity of the fraction, '^i- is then 
calculated from the formula 

^        2.303 log//r 
i.    1      « ., ..HM .lll„X >,i    ,.».»* 

c 

\Äiere)^r Is the relative viscositjr (v/ith respect to pure henz^ne) and ¿ is 
the concentration in grams per 100 cc. of solution. The higher the valtie's 
of the Intrinsic viocoslty# the higher the average molecular; weight of the 
sample. The successive volmies of methyl alcohol added to precipitate the 
various fractions depends on the typ^ of rubber be^^ng- fractionated. The . 
whole procedure usually takes two or tl^ree days. 

The whole procedure must be carried out as rapidly and with as little 
exposure to light and oxygen as possible so as to avoid degradation during 
the handling of the sample or of the separate fractions. The precipitates 
probably contain only traces of antloxidant so that they are very suscep- 
tible to light and oxygen. The Intrinsic viscosity is very susceptible to 
concentration error and therefore the total solids of the -so]}.utlons in- 
volved must be determined with suitable accuracy. 

b. T.^nolcal Data. The results given in table Ï for a sample of goldenrod 
rubber from Pilot Plant Run #17 (ist ten hours) are typical of the data 
obtained by the technique employed. 

over 



TABLE I 
FRACTIOMTION SATA FOR &0LIÍSKR0I3 RTJB3BR FROM PILOT PLi.M' 1? (1st ten hours). n 

i-i 

• 
ro Methanol Fraction No. Ppted. Ppted. 

}¿. 
Cone. 

^r     g/lOO cc ^    ^ix ce. 
fo 

djnnilative fract. ppted. ro 

53 1 ll+,25 1I+.25 1.1^5 l,gg3    0.251 2.522 35» 93 

^7 62 
2 17,9s 32,23 0.865 I.U22      0,330 1.06g \9t20 
3 21 •10 53.33 o.gog 1,329     O.UlO O.69U iK(^ 

70 ¿ 15. 2U 6g,57 . . 0.69g I.1U9      0.277 0.500 7.62 : ;, 

90 5 IU.6O S3.17 °-è7!^ i.iog   0,272 0.379 5.52 
135 6 5.^ • Sg.57 0.646 1.063-   O.lgg 0.325 1.76 
185 7 6.99 95»56 0.6U2 I.Ó56      0.19g .  O.27U  U92 

; i 

Res iidue U.iS 99,7^ Total 86.6          ,   : 
Ant ¡ioxidant adde(i 2.00 . ■; 

« Acco\mted for 97.7^ 

; 100 (-^i of original sample) = g7.2 



c. Choice of Method of G-raphic I  Hepresentatlon» As shown "belowt It 
has been fotuid that those data can h est he represented In the form of a 
histogram« The intrinsic %'îscositv- of each successive fraction precipitated 
is plotted as ordlnate against the cumulative percentages precipitated as 
ahscissat The histogram colrresponding to tahle I is shown in figure 3» 

d# Intrinsic Viscosity an Additive Property« It is already known that 
for ruhher polymers the intrinsic viscosity of a mis:t\ire is the wei.^hted 
average of the intr5nsic viscosities of the constituents* This principle 
was used, for example» hy Tlory £j# Am. Chem. Soc, j&^, 372 (l9^3)j in his 
work on polyisohutenes to show that there had "been no degradation during 
fractionation« That this method of calculation of intrinsic viscosities 
for mixtures is valid in the case of goldenrod rubher was roughly confirmed 
hy measurements of binary mixtures of two fractions obtained from a fractiona««- 
tlon. The results obtained are given in table !!♦ 

. TABIiJ II 

TFTRTÎTSIC VISCOSITY Of  MIXTURES - 

■B,  ..   T   w  i. TT      Intrinsic Viscosity 
Fraction. I   Pract. 11    Observed   • Calculated ^ 

   mill «I II  I p    |i| I i.li III »1)111 nil» III II I II I .11 ■ Ill III  y,„mnmim.m¡m\ nM ■ «m imiin i 11 in in m i»ii«  innwiiw 

,S^ 0.0 
.803 -o.oU 
.663 -O.OOT 
.522 "    +0,022 
.332 +0.059 

,   .2UI 0.0 
rwiumi  MUM  II  I ■« iiiiiiiiiiii.» I II III! I   iiijMii ni«iiw»»ii.iiiiiHiiiiiii«»iiii<ii mmi Wim lU    i»iii»iiiiiii > na nt,p> lumtmut >'   umiimmmww m,»   nw ü ■»ILHI^I- ■ i< 1 m      »i  > ■> 

e^ Area of Histo,g;ram, a Measure of Experimental Error and Reproducibility» 
Since the intrinsic viscosity is an additive property, the area under the 
histogram should be independent of the si20 and number of,the.individual 
fractions» This is,Xîi^ t^ ppted»)f the sum of the values in the last column 
of table I, should be equal to 100 times the intrinsic ^dscosity of the 
original sample» In the case of the fractionation data of table I, these 
two values are in excellent agreement. Differences in these two values can 
be taken as a measure of the experimental error» Differences between the 
histogram areas of duplícate sejnples indicate the reproducibility of the 
fractionation data» 

Results> a. General» Experimental results obtained by the fractionation 
of a number of rubber samples are summarized in table III and are represented 
graphically in XIII-*D - figures 1 to 3S. Column 1| of table III lists the 
areas under the histograms» The values in column 5 were obtained by multi- 
plying the intrinsic viscosities of the original sample^, .by 100. 

(1) Heprodtlcibility» Tfee following tabulation shows ,the maximum differ^ 
enees between the histogram areas for duplicate experiments on a number of 
samples. ; , 

over 

0 100 .Skk 
20 go .763 
uo 60 .656 
60 Uo .5HU 
so 20 .UUl 

100 0 ,2Ul 



PP2 1 and 2 
PP17 32 and 3 
PP32 9 and 10 
PPa 13 and lU 
Hevea Crepe 17 and 2k 

U.0 9.6 
1.7 2.0 
5.^ g.U 
0.5-  . 0.9 

iu,o 6.8 

XIII-13up.2U 

Sample Figures Areas ¿> 

3i|.6, 30^6 
gs*3, SG.G 
67t2. 6l.g 
6o.i. 59*6 
213*3» 199.3     - 

(2) îTfae Shape of the Histogram»    In gênerait   the histograms are step-» 
wise cxirves descending from left to right.    The height of the first step 
for a given sample is higher if the  first fraction precipitated is small» 
îhis does not affect the total area of the histogram as can be seen "by 
XIII-D ^ figures I3 and ik for a goldenrod ruhher (P0^155g) whose a^eas are 
éO.l and 59«6 respectively, 

(3) Removal of Resins Hot Hecessary.    According to the Johnson Method 
the  sample is prepared for fractionation hy soaking in acetone for IS to 
2k hours to remove  the major part of the resins.    Duplicate runs were made 
on Pilot Plant R\m #32, PP32,  in which the  sample was prepared for fractiona- 
tion (a) hy acetone precipitation! XIII-D - figures 7 and S;   (h) hy forming 
a slurry with Merck^s activated charcoal and then filtering,  figures 9 and 
10;   (c) "by omitting the removal of resins altogether and taking enough sample 
to give 2 grams of robher excluding resins,  the proportion of the resins 
having teen determined previously hy analysis, XIÏT-D - figures 11 and 12. 
An examination of  talDle III  shows that the variations o'btained ty these 
different methods as compared to the usual method (XIIW3 curves 5 and 6), 
are within the experimental error to be anticipated from the reproducihility. 
Unless otherwise mentioned in table III the resins were usually removed 
by soaking in acetone as suggested by Johnson. 

b. Comparison of'Pilot Plant Goldenrod Sam-pies.    The average histogram 
areas for various pilot plant riins of goldenrod rubber have been arragned 
in the order of  their magnitude in table lY»    For the most part, the areas 
for these pilot plant  (PP) goldenrod rubbers fall between 60 and 70*    ïî^c- 
cluding PP2 and PPl7t  the average area Is 63.2.    The area for PP2 (32.U) 
indicates a much lower average mol-ecular weight than usual»    This sample 
resulted from the extraction of "goldenrod leaves from dead and ifield-dried 
stems" and was very much degraded judging from the fact that it was very 
sticky and semi-liquid.    On the.other hand,   the large area (S7»l+) found for 
PPI7 showed that it had an abnormally h'^gh average molecular weight.     In 
fact,   this was in a sense a partially fractionated rubber since the acetone 
used for  the initial extraction of resins from the leaves contained some 20^ 
of benzene and it has been shov/n in previous experiments that a mixture of 
acetone and benzene  will extract some of the lox^rer molecular fractions from 
the rubber leaving behind a rubber of higher average molecular weight.    This 
fact is brought out in the discussion of XIÎI^D - figures 25 and 2b.    PPI7 
was obviously a harder rubber and was almost non«^st5cky# 

c. Comparison of Hevea Samples.    Inspection of 2in-.l>-figures I7,  Ig, 
19f  20 and 24 and a comparison of their areas,  g5ven in table III,   indicate 
a marked difference between the various hevea samples*    Figure I9 for hevea 
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TABLE  III 
SlMîiâRY Oí BACTIOKáTIOH DATA 

i 

Figur« 3 Area Area A 
Ho. Sample PC UTo,        (Ero.-) (Cale.) Area 

1 PP2* a/ U15          30.6 37.3 -6.7 
2 PP2    a/ 

PPI7 (Ist 10 hrs. 
415         3^.6 37.3 -2.7 

1 J b/ 72U        g6.6 87.2 -0.6 
PPIS (1st 11 hrs. J 1351        71.2 73.7 -1.9 
PP32 12S7        59.9 63.6 -3.7 

6 PP32 12S7          62.2 63.6 -l.U 
7 PP32 (acet. pptd. .) c/ 1U56      65.2 .    63.6 +1.6 
g PP32 (acet. pptd. ) c/ 11^56      63.3 63.6 +0.2 
9 PP32 d/ 1287          67.2 63.6 +3.6 

10 PP32 d/ 12S7          61.g 63.6 -l.g 
11 I'P32 e/ I2g7        62.7 63.6 -0.9 
12 PP52 e/ 12g7          61.S 63.6 ~1.S 

^^ PPa 155s          60.1 59.^ +0.7 
iU PPa 155s        59.6 59.i^ 40.2 
^5 PPe 162g        69.0 67.2 +1.8 
16 Guajnile f/ 199.1 ••— •»•• 
17 Hevea crepe 152s       213.3 205. +8.3 
IS Hevea (S.S.)Mast5cated 2^52        10U,5 102.5 +2.0 
15 Hevea (S.S.) +• 252        626.2 600. +26.2 
20 ■ mfo PP32 1287 

;¿05^ Hevea (S.S.) 252       198,5 (171.)** 
63.6 

+27.5 
21 PP32 12g7         62.2 -l.U 
22 PP26 (ist 10 hrs. ,) 1352        6g.8 68.8    " 0 

g Kote-saghyz 1665       166.3 171.5 -5.2 
Hevea crepe 152g       199.3 205. -5.3 

25 fp-i^s/ U75        ^H.7 (58.U)*** 
26 PP-U £/ U75        UU.7 ——w •»»• 

27 Castilla ^73    , 550.7       . 565.0 -1U.3 
2S 1763 h/   61.7 62,3 -0.6 
29 PP2S 135,3        53.0 55.5 -3.0 
30 PP29 135U   .   - 62.6 63.6 • -1.0 
31 FPd c/ 17Í+5     ■   6U.1 ■ 71.5' -7.^ 
32 PPI7 (1st 10 hrs. .) 72U        88.3 87.2 +0.9 
33 1765 h/    Ug.2      ■ 52.9 -^.7 
3Î+ 176U h/    60,3 59.7 +0.6 

55 1762 h/   27.5      • 2l+,g +2.7 
36 PPT3 1/ 1787         62.5 

. 1786         6g. 8     ,   .. 
, 62^1 +0.U 

37 PPc 67.3 +1.5 
3S Guayule U37       126.8 120i +6.8 

^    PP ntunl^ers refer to pilot plant runs on goldenrod 
**    Calctaated from PC 252 and^PC 1287 

^**    Value by precipitation method - see Figure k curve I of memo of September 
7t  19U3* 

(a)Sample very sticky and soft rit) Sample hard and almost non-sticky; (ç)Aceton0-* 
precipitated sample; (d)Carl}on*-treated sample; (e)Resins not removed; (f)Source 
of sample unknown; (g)ïPractionated by '^dissolution method"; (h)Jrom sun-dried 
goldenrod leaves extracted in laboratory;(l)Acetone precipitated in the pilot 
planté 



smoked sheet "brings out the fact that this form has'the highest molectilar 
weight (area 626).    The duplicate histograms for the sample of crepe rul^lDer 
investigated,  figures I7 ^nd 2U,   indicate that  this form has a much lov/er 
molecular x^eight as shown hy the average area,  207«    ïigu-re IS with an area 
of 105 shov;s .the extent  to which the hevea smoked sheet was "broken down "by 
mastication«    This  'sample had "been masticated approximately to, the extent 
necessary for compounding.     This histo.^ram differs from all the  others OID- 
tained in the present investigation hy heing nearly horizontal thus indi- 
cating that the sample was made up for the  most part of ruhter of approxi- 
mately uniform molecular weight» 

TABLE IV 
COMPAHISOir 01 PILOT PIAlW  r^OLDEiraOD RUBBERS. 

PP No» Figure Ho# itogram Area Cale. Area 

32.1+ (av.) 37.3 
53.0 55.5 
59.9 (av.) 59.^ 
61.i  (av.) 63.6 
62.5 62.1 
62.6 63.6 
6U.l 71.5 
6g.S 6g.S 
6s. g 67.3 
69.0 67.2 
71.S , 73.7 
S7.^ (av.) S7.2 

2 
2S 
a 

32 
li 

29 
d 

26 (1st 10 hrs.) 
c 
e 

IS (1st 11 hrs.) 
17 (1st 10 hrs.) 

1, 2 
29 
13. ll^ 
5. 6 

36 
30 
31 
22 
37 
X5 

U 
3. 32 

XIII-D-figure 20 is tb-e^ hist0;2:ram of a h5ns.ry mixture of 20fo hevea 
smoked sheet (figure I9) aiid SOfo of goldenrod PP-32 (figure 2l).    The 
presence of the hevea is quite apparent»    The area 198»5 olotained for curve 
20 corresponds  to a Calculated value of 2U,1^ of hevea for  the  mixture as 
hased on the areas 626»2 and 62#2 for figures 19' and 21,  respectively* 
(see  taille III). 

d.  ComiDarison of Samples of Various ITatural Ruhbers»    A numher of 
different va^rieties of natural ruhber were subjected to  the fractionation 
procedure»    In order to make the benzene  solutions,   the   samples extracted 
with acetone and dried in the usual way were allowed to  stmd in benzene 
for several days with occasional gentle  swirling and then clarified.    For 
clarification the solution was filtered through glass wool or. cotton or,   if 
not  too viscous,   through filter paper»    That this procedure  is adequate 
to  dissolve the gel fraction is evidenced by the results obtained for hevea 
smoked sheet(XITI-D-figure I9) and castilla (figure 27)•    This procedure 
also gives reproducible results»    This is shown (l) by-the results for 
duplicate samples of hevea crepe (see Xlll-IX-figiires I7 and 2k and table 
III,   coluuin  6) and (2) by the agreement between the  experimental areas of 
the histograms and their areas calculated from the  intrinsic viscosity of   ^. 
the original samiole usually determined independently» 



XIII-D-.p.27 

HABLE 7 
COMPiRTSOH ÖF  SPEClICîïS OF DíFSíJEEITT VARIETIES OP 

RUBBER 0Î UIÍIQíOM HISTORY 
'•'          # 

Variety Figure' (Exp. Area)      (Oalc, Area) 

Guayule 16 199.1 .- 
GtJayule 3,^ 126. S '120 
Hevea crepe 2U 199.3 205 
Hevea crepe 17 213.3 205 
Hevea Smoked Sheet 19 626,2 600 
Hevea (sm.  Sh,) masticated 13     • 101+.5 102,5 
Kofc^saghyz ' 23 166.3 171.5 
Castilla 27    -. 

(32.U - g7.a      ) 
(normally 60. - 70) 

565 
G-oldenrod . 

The conclusions which can "be draim from these fractionation results 
are, however> necessarily limited» In the first place, the history of the 
various specimens is tinknowut and* secondly» the samples were sometimes 
not completely soluble in henzene» Though the insoluble residues appeared 
to he foreign non-rubbery material it may have consisted partially of 
rubher which had "become insoluble due to oxidation or some other trans- 
formation in the original sample» Por this reason the results obtained 
and summarized in table V can be considered as representative only of the 
particular specimen of rubber, and not necessarily of the variety of 
rubber» 

e» Practlonation by Dissolution» Some of the first fractionations of 
rubber performed in this laboratory Were by the so-called dissolutio|i 
method with mailed solvents as described by Bloomfield and Pariner,. j^rans» 
Tnst» Rubber Ind^\ l6, 69 (19UO)»/ This method is admittedly not as re- 
liable as the precipitation method since considerable degradation takes 
place before the fractions are separated» Por example, it involves long 
periods of sta.nding under solventst evaporation of quantities of solvent, 
and considerable handling of the separate fractions before they can be 
evaluated. One fractionation lakes .two to three weeks as compared, to two 
or three days by the precipitation method» 

For the sake of comparison, a ST:immary of the results of two fractiona-^ 
tîons of a sample of goldenrod rubber by the "dissolution" method is given 
in table Tl  and represented graphically in XIXI-D-figures 25 and 26, as 
summarized in table III» 

Briefly the procedure was as follows, A 20 gram goldenrod rubber sample 
was weighed into a Ç^^-liter Erlenmeyer flask» It was covered with 1 liter 
of a mixture of Sjfy  acetone-3^ petroleiim ether (S^P. 35-60"^ C.) and allowed 
to stand at 25^0. in the dark being gently swirled twice dailyo', After 
about Us to 72 hours an equilibrium was reached as shown by occasional 

over 



XITI-B-p.2g        ■•    ••        •••■   • ■; •   ■-■:■-•- 

.ÜRACTTOHATIOH OF gPLISiîmOI)' RÍBUEB. PP-U PI S SOLTOIOIT 
MBgHQD 

E3qp. A = Acetone-petroletuïi ether mixtures (XIII-Du-Pig,  25) 
Bxp« B - Acetone-lDenzene mixtures (XIIT-D-Iig,  26) 

Extracted Intrinsic Titration 
, Splvgnt M^xtnrfí. ^ Viscosity    Value ce* 
Acetone       Other      Sxp. A        Exp. B      ■ Exp, A        SI^TB        Sxp. A Exp. B 

97 3 0.15 OeU5        0     _ 0,09 25+ 25+ 

25+ 
IS 

95 5 0.30 O067 O.OS5 O0I13 25+ 
90 10 0,6s OcSy  ■ ' Ô.130 Ocii^i 15 
20 20 0.32 1.36 Q.197 o„i69 7o5 12 
T5 25 2.6U 1,.2S Q,257 0.-202 -5.8 10.^ 
jo 30 2.U2 2.0s 0.230, OaSb 6.1+          sA 
°5 35 2.7Í+ 2oS3 Q.3II 0.2liO 5,U             7,1 
50 ^ 3.2s 5e 65 0.32s 0.295 5.U            6„>5 
50 50 21.70 57c70 O.35U 0.1+72 5.2            U.s 
UO 60 57.70 22.00 O.5I15 0.637 h.,e               U.6 

* ce.  of methyl alcohol necessary to cause slight cloudiness when added to 
10 cc. of a 0.175^à Isenzene  solution at 25* C. 

totaL^solids determinations on 10 cc,  aliquots.     The  solvent was then de- 
canted carefullv and evaporated to   dr^niess  :in an atmosphere of nitrogen, 
precautions l)eing taken against -undue exposure  to light.     It was then 
weighed and redissolved in henzene,  and its viscosity and precipitation 
values x^ere determined.     The  residue left after décantation was" then re^ 
extracted in the same way with 1 liter of a mixture of S^fo acetone ard 
5/0 petroleum ouaer.    Sach successive extraction was with a solvent mixture 
r5cher in petroleum ether.    The results of thiô.extraction are  designated 
in experiment A,    A similar extraet^'onusing aöetone  and iDenzene mixtures is 
designated as experiment B. 

As shown in tahle III,   the ai-eas of the histograms, ZIII-IX* figures 25 
and 2D,   respectively,   show good agreement with each other (UU.y and UU.y) 
hut  they are much lower than the area (5S.U)  ohta-ined hy a preliminary 
version of the precipitation method applied to the  same  sample.    .Th5s 
indicates that considerahle degradation of the sample had occurred, "during 
the fractionation hy the dissolution method. 

f.    Miscellaneous.     The values for Xlll^IUfi^o^uros 3* and 32 are  in very 
good agreement which shows that no appreciable  degradation of  the  sample 
took place when the pilot plant hen-zone extract (PPIJ,   1st 10 hours)  was 
refluxed for  2k hours in a darkened hood. 

Figures 2S,   33,   3U and 35 are for  samples extracted in all*-glass 



apparatus» They x^ere from ^^stm^^drled goIdenrod leaves" submitted to us 
for fractlonation and evaluation hy Dr. M* N, Walker of Rubber Plant 
Investigations, Btireau of Plant Industry* The histogram area indicates 
that the sample for figure 35 is very highly degraded* Figures 2g and 
3^ are almost equal in area to the average of pilot plant goldenrod rubbers 
v63#l) mentioned above and figure 33'is appreciably below this average. 

Summary» The precipitation method for fraCtionation of rubber by 
successive precipitation from a benzene solution has been investigated and 
applied to various samples of goldenrod and other varieties of natural 
rubbers» Th© size of each successive fraction and its intrinsic viscosity 
are deteimSned» These give" an indication of the weight distribution» The 
data can best be represented in the form of a histogram, the shape of which 
depends on the nrunber and size of the fractions but which for the natural 
rubbers investigated Is always a series of descending steps»"-'As might be 
expected, the ar^a of. the histO)S:ram» on the other hand, is independient'of 
the numbey and size of the fractions and is characteristic of thé pa'r^ 
tlcular sajiTple of rubber» The higher the average molecular*wel^it, the 
larger the area» This area is shown to be 100 ternes the intrinsic vis*- 
cosity of the original sample^ It might therefore be concluded that as a 
control method or for the evaluation of different samples of goldenrod 
rubber, fractlonation has no advantage over the relatively simple determina*-^ 
tion of the intrinsic viscosity of the original sample, unless *the In- 
formation revealed by distribution of the components of variable viscosity 
warrants the considerable amount of work involved in obtaining the results» 
It should be kept in mind that the single determination will not show this 
distribution» 

Comparison has been made of the histogram areas obtained for (l) -Carious 
pilot plant runs of goldenrod rubber (table 17), (2) various hevea samples 
(section c, under Results),(3) specimens of various natural rubbers (table 
V).. 

Evidence is given to show that histogram 'areas obtained from fractlonation 
data can be used to estimate the percentage of hevea rubber in hevea- 
goldenrod mistures».    . 

rraotionatlons by the dissolution method are shown to be unsatisfactory, 
due perhaps to degradation of the sample. 

A si3mmary of the results for all samples fractionated are tabulated in 
table III. ^ ' 

Advantages of ElstOisyams in Repres^entatJon of Practionation Pa-ta» Ac- 
cording to the method of graphical representation of fractlonation data 
described to us by Dr» B» L. Johnson of the Firestone Tire and Rubber Co», 
a curve is constructed from the intrinsic viscosities of the successive 
fractions precipitated» The slope of this curve is read at various in- 
trinsic viscosities and these values are plotted to give a weight distri- 
bution curve# XIÏI-D-fijsrures 39A and B, respectively, are the curves ob«*- 
talned by so plotting Dr» Johnson's data for a mlxtxire of pilot plant runs 
#6 and #11 of goldenrod rubber» The weight distribution curve, curve B| 
thus depends on the shape of curve A» 

over 



An analysis of the method shows,that the shape of curve A. depends-in 
turn upon the numher and size of the fractions precipitated. This 3s 
illustrated in XITÏ-D-figure UO* Here the full curve A is the histogrâJCi 
representing the data of tahle I and. XlTI-IWfigure '}.    In curve B the   ^ 
data are plotted essentially as In figure 39A, I.e., hy connecting the* 
inner corners of the steps of the histogram,  (it should te noted that only 
96^ of the original ruhher was accounted for as precipitated fractions; 
the remaining U^ was prohahly of too low a molecular weight to "be thrown 
out hy the total volume of precipitant used. These facts are taken into 
account in f5gure UO, curve B^ That is,, ciirve A in figure '39 should per^- 
haps really start at the upper axis«) 

If enough precipitant had T^een added so that the second, third, and 
fourth fractions had precipitated out together, the intrinsic yiscosity of 
this large fraction would l5e the weighted average of the mlues for the 
three smaller fractions, as shown above. The corresponding changes in the 
curves are shown hy the hroken lines, curves A* and B'f in figure UO. 

It is thus apparent that curve B is itseïf really a fictitious curve. 
The true curve would he obtained loy this method only if there were an 
infinite number of small fractions. This objection would still hold if the 
curve were drawn through the midpoints or the outside corners of the his- 
togram steps, as is sometimes douo in similar cases, instead of throijgh the 
inside corners» 

The histogram, on the other hand, is a true graphical representation of 
the data obtained and has the advantage of possible evaluation by means of 
its area. For example, an examination of curves A and A^ from the point 
of view of area show them to be the same and this can even be observed- / 
roughly by inspection. 

* '. 

The advantage of the histogram over the usual weight—distribution method 
' of representing fractionation data is again brought out by a comparison of 
the data for  (l) hevea (smoked sheet),  (2)  a mixture of 20^ hevea smoked 
sheet and SO^ of goldenrodland (3) goldenrod alone as plotted by these two 
methods. . 

The histograms of  these three * samples are represented in XIII-B-figures 
19,   20, and 21,  respectively.    The  weight distribution curves for the  same 
data though rather questionahle  due to the personal equation involved,  are 
shown in XIII-EL-figure Ul,  curves C, B and A,  respectively.    ItM/rf^ll be 

* noted, that the 20^ of hevea shows up much more definitely in the histogram 
than in the weight distribution curve.    Furthermoral--the. area of \the 
histogram can be used to estimate the percejitage of hevea.    Thus, using 
the areas of the histograms for  the hevea and*goldenrod samples,  626.2 and 
62.2,  respectively,  and for  the  20^ mixture,  19^.5,   the  following equation 
can be  set up? 

626.2 U—> > 62.2 (I00u3c) =' iqg c • 
, ^ ICO  ;.     ^  im^.     ^^^'^ 

where (x)  is the percentage of hevea" in the mixture.    Solution of this 
equation gives (x) ^ Z^.Vfo. 
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Suinmary» Analysis of the methods of plotting fractionation data shows 
that the ustml weight^-distrllDution curve representation is ^)ased on a more 
or less fictitious curve whose shape depends on the size and nujnher of the ^ 
fractions. The histograjn, on the otherThánd, is ä true,, graphical T9^ 
resentation of the data whose area is characteristic'of the sainple^ This 

area can he used in the evaluation of different samples of ruhher and for 
an approximate analysis of mixtures of different ruhlDers-» 

over 
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E>-1CTECT 01 LIGHT 

!• ..Effect of Light on Benzene Solutions of G-oldenrod SublDer In Pyrex In 
Presence of Oxygen as Influenced "by Various RulDlDer Antioxidants and 
Other Reagents« 

When a tenzene solution of goldenrod rulDber is exposed in a Pyrex vessel 
to the light of a Mazda lamp or to sunlightt the titration value of the 
solution increases, the viscosity decreases, and the ruh'oer undergoes a 
^'degradation" and becomes more liquid and sticky» The nature of this 
degradation is uncertain hut the íiteratiire on hevea indicates that it in^ 
volves some kind of oxidation« 

That goldenrod ruhher takes up oxygen \inder these conditions was shown 
hy an early experiment» A henzene solution of aoout ifo  concentration, 
cleaned up with carhon, was divided into two parts in Pyrex Erlenmeyer 
flasks and one flask was kept in the dark while the other was exposed to 
sunlight for six hours» The titration value for the first flask remained 
unchanged at U«UO cc» and for the irradiated sample it was 21 cc. The 
solutions were evaporated to drynoss, henzene removed in vacuotand the 
samples submitted to the Analj^tical Section for semi-*microcomhustion 
analysis» Assuming five carbon atoms in the goldenrod rubber hydrocaTt)on 
unit the corresponding formulas were calculated from these data and are 
given in the last column of the following tabulation: 

Analysis of Blank (in triplicate) 

^ C   fo E foil Unit formula, Average 
isoprene = (Cp-H^)n formula 

S6^0 11*US   less than 0.2 C^H^. „0^ ^, 5 o»u¿ 0»11 

56.1 li.Uo S^7.95°0.li 

87.2 11.S2 ^5%,21^0.0U ^'^5%.06°0.09^^ 

Analysis of Irradiated Sample (in duplicate) 

7S.6 10.U6   less than O.O5 CcHg^QO^^Ks 

7S.Î+ 10.25 C^H^^g^Oo^^l^ (C5H7^520o^5;L)n 

These data show that a total of about Sfo of its weight of oxygen was 
taken up by the goldenrod rubber during irradiation;   the  sum of the per- 
centages of 0, H and ET was changed by irradiation from SS.Ofo to SS»9^; 
the Calculated formula from (^5^^3,06^0 OQ^^ ^^ ^^6^7»92^0 51^^*    ^^'^^  ^^^ 
hours of irradiation resulted in an increase of oxy^-en co&tent corres-- 
ponding to 0»U atom of oxygen per isoprene unit» 

This oxidation,   or "degradation" reaction is  speeded up or activated 
by small amcunts of chlorophyll,   the presence of which has no effect if the 
sample be stored in the dark»    Thus on exposure to sunlight for 20 minutes 
a hevea solution retained its original titration value,   3»90 cc,  while 
another portion of the same  solution containing a trace of chlorophyll 



gave a titratîon value of 6^00 cc# 

Early tests had showi that this light reaction could he inhihited in the 
various lienzene solutions of goldenï*od hy adding ahout one percent of Amerite 
(Resin D) or Flectol H, antioxidants which are used to inhihit aging of the 
raw ruhher as well as of vulcanizates» It seemed possihlet therefore, that 
the efficiencies of various rubber antioxídants might he estimated "by means 
of their relative effect on the titration value during irradiation of golden- 
rod rubber in benzene solution« 

A series of common antioxidants and other substances were tested by add- 
ing them in very small amounts to carbon-treated goldenrod rubber solutîônSf 
irradiating the solutionSf and comparing the effect on the titration values» 
The lower the titration value after Irradiation the greater the antioxidant 
effect of the reagent» If the titration value after irradiation is higher 
than that of the irradiated blank, the reagent can be said to activate 
rather than inhibit 'the light reaction* The resxilts of these experiments 
are shown in the following tables (experiments I to V)» In each table the 
reagents tested are arranged in the order of their apparent efficiency; all 
above the blank are inhibitors! all below are activators. 

The results given within any table are comparable but titration values in 
different tables are not# This is due to the fact that the intensity of" 
irradiation differed and that different samples of goldenrod rubber Solution 
were used in the different experiments» - ' ' 

Results and Discussion»> The order of efficiency of the réagents tested 
differed only in a few instances in the different escperiments» ' P-aminophenoI 
acted as an antioxidant (inhibitor) and phenyl-beta^naphthylamine acted as 
an activator in all cases where they were tested»  Some reagents, howevert 
(e» g«, JZÏ, Flectol H and Agerite) acted sometimes as Inhibitors and some- 
times as activators» ...   ...        .::.,,.::• 

The light reaction In q^uestion takQS. pl?ice with light of'wave lengths which 
pass through ordinary Pyrex glass but arc? held back.quite >ffectively by loww 
actinic red P;rrex glass» 

The titration values for the blanks differ in the different experiments 
for the same length of irradiation» This is due in part to the fact that 
the intensity of the irradiation was different and that the samples used- 
contained different amotints of chlorophyll or pigment» 

Experiment II? was performed to determine the influence of residual 
pigments in the sample on the effectiveness of the antioxidant,.Jlectol H 
\and incidentally to see if the old and new Plectol H were the same in th,e 
light of their behavior In experiments 1 and 2). After the ustial carbon 
cleanup, Sample PC-5U9 was much less colored than PC-S6g and PO-9U7. The 
results indicated that the effectiveness of Plectol H as an antioxidant, 
decreased with decrease in pigmentation» Thus, vfaen P0-g6g and PC-9U7"'*t>lanks 
had reached 25-^ cc, the ïlectol H sample had reached only 9#20 and, S^50 pc», 
respectively, whereas in PC-5U9 the blank was only 1G»2 when the PlectolrH 
treated sample wae S»50 cc» 

' : -over      * .     ■■:'.■■■'■':'        /•■;...'.-. 



In experiment V the  sample was cleaned up by triple treatment with 
Carlson so that it was almost water white«    In this case,   the sample was 
much less sensitive to li^t,  as shown "by the iDlank;  and p-*amino-phenol 
was the only antioxidant which still inhibited the  light reaction* 

Phenyl-heta-naphthylamine apparently activates the light reaction in all 
cases» 

Summary»    The results of the  al'oye experiments  seem to show,   (a)   that 
the reaction of light on a "benzene solution of goldenrod rubber in Pyrex 
vessels may involve the absorption of at least 9/^ of its weight of oxygen 
corresponding to 0»U atom of oxygen per isoprene unit;   (b)   tliat this 
reaction is much enhanced or activated by the presence of some substance 
or substances such as chlorophyll or other pigments and that it may be 
prevented by filtering the light through low actinic red Pyrex glass;   (c) 
that certain antioxidajits commonly used in the trade to  inhibit rapid 
aging,   inhibit not the light  reaction itself but rather the activity of 
the chlorophyll;   (d)  that if little or no pigment  is present in the benzene 
solution,  these antioxidants may often  behave as activators;   (e)  that 
para**amino-phenol was by far the most effective of the antioxidant s tested 
in inhibiting the light reaction investigated;  and (f)  that,   since many 
of the  substances tested and found to be activators are known to be good 
rubber antioxidants,   this method of evaluation of antioxidants is therefore 
not applicable  to vulcanizates» 

TABL3 I 
SIXTY MINUTE SUITLISHO: IREADUTIOH;   5 Mg>  CF HSAGEHT 

IH 10 CC; OF BaviZBIIB SOLUTION CONTAIHIHG 0#0175 
GM,  aOLIEimOD RIIB3SÍE OIBASTBD UP ¥IHI OMBQÏÏ 

TITHATIOH 7iU:iUB GRIGIHAL SAlgLB == U>4 OoT" 

Reagent 
Titration Value c^. 

sixty minutes 

JZF 
Old Flectol H 
Agerite 
Be ta-naphthylamine 
Pyrogallol 
Catechol 
Hydro quinone 
Blank 
Q;ainone 
Phenyl-»be ta-naphthylamine 
Benzophenone 

5.6 
7.0 
s.o 
S.3 

..S.7 
•g.9 

12.Q 
15.0 

over 25,0 

After sixty minute irradiation in low-actinic red Pyrex.glass tube, the 
titratlon value was unchanged, U»U cc, ' . 
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TíLBLB II 
SUNLIGHT laHAPIATIOH kO TO 125 MimJÜBS;   5 M5. OP 

HEAGEürT IN 10 OC. OF BEKgEM SOLÏÏTIOIT COHTAIIL. 
im 0.0175 C-M.    OOIiIiBMOIl RUBBER OIJBilTSD UP 

WITH CARBON.   •TÜCBATION VàLUB OP ORIÔINAl 
SM^LIS ° 4.1^5 CO. 

Titration Vß,iue oc. 
Heagent 40 70 100 125 

minutes minutes minutes minutes 

ï^-aminophenol 5.10 6.0 6.50 6.7 
StaiDîlîte al^ba S.k 7.1 7.8 9.5 
^•C.P. #5 5.7 6.9 8.5 10.5 
MethylttmbelXiferone .   6.7 .    7.5 9.3 10.6 
Ethyl  alcohol 6.2 7.5 9.8 12.5 
J«  2* F* 6.3 7.7 10.0 11. s 
BLE Powder ,   6.7 8.5 10.5 12.5 
Agerlte Resin D ' 5.2 8.5 11.0 
Blank 
Acetone 

6.U 
6.U 8.0 

11.0 
11.0 

13.0 
16.0 

Chlorcarvacrol (crude) 7.0 10.0 12.5 13.0 
Thymol cryst U.S.P. 6.3 8.9 11.0 16,0 
New Flectol H 6.7 9.0 12,5 13.5 

2U.O Diphenylainîne S.3 11.3 15.5 
Altasan 7.7 11.0 20.0 25+ 
Agerîte Powder 9.7 16.0 25+ 25+ 
1, l4--naphthaquinone 11.0 16.0 24. 0 25+ 
Phenyl-*1:)e ta^naphthylamine 11.0 19.0 25+ 25+ 
M U P .. 12.5 20.0 25+ 25+ 
StaiDîlîte '        23.0 25+ 25+ 25+ 
Chlorothymol Ht.I. VII 25+ 25+ 25+ 25+ 
BLE 25+ 25+ 25+ 25+ 
Carvacrol C.P. 25+ 25+ 25+ 25+ 
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Tàsm ni 
SIMilgHj IKRáDIATIOIT;   5 I-fö.  O? HBAGMÜ? F3R 10 GO, OF 
BEE2MB SOLUTIOF OOITÜlAlIItlil..QUOIT'S GM.  OF GOLDEimOD 

EUBBim CLEAI^D UP liTITH .GAl@OIf....(-SAIgIiE SLTaHII.Y 
.Q>0175 ' 

flGmiJTED. )  TITBATIOH VjiLM OJ ■ ORTGTHAL SOLUTIOH 
■— iiM» ■iiM.Miwi  11 n .imiii  Hie I I Ill ^IIIVI'MII  III   III ili^il^t.TiÉ,!!* lililí W iiiiBi.iiiimni m,      :u,u >jm,«mm>oPm 

Reagent added Ö 
Minutes 

Titration Value cc. 

Minute s Minutes 
go 

Minutes 

Plectol H 

P-aminophenol 

(Kone "Blank) 

U.U5 
9.5 
9.7 

10.0 
10,0 

2S+ 

23,0 
23.0 

22,0 
22,5 

2¿+ 

25+ 
25+ 

25+ 
25+ 

2^+ 

TA3IÍ1 IV   • 
Sljin^IGHT lîffiADIATIÛHî   5 MG> FLBCTOL H PBR 10 C0>  OF 

BEITZEIE SOI.UTIOI-T COETAIHIHG 0,0175 GM.  0? GOLBSD^ROD 
RUBBER CLBillBI) UP WTH CíHBOH:     (THREE JII^FEREl^r!]; 

S-ài-ffLES).    1^0^549 WAS ISAST COLORSD. 

Sample      Reagent 0 
Minutes 

Titration Value cc. 
30 

Minutes 
70 

Minutes 

PC-9U7 

PC-g6g 

PC-5U9 

Old Flectol H 
Hew Electol H 
Blank 

Old Electol H 
ÍSew Flectol H 
Blank 

Old riectol H 
New Plectol H 
Blank 

I+.6O 
U.50 
U.60 

u.so 
1+.90 
U,80 

U.UO 
U.50 
^.35 

S.5 
25± 

•■9.2- 
9.0 

25i 

6.00 
6,00 
6.5 

15.0 
lU.O' 

25+ 

17.5 
15.0 

25+ 

g.6 
S.5 

10.2 
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TüBLB V 
SUmi&HT IRRüDIAflOK;   5_MQv_0S' REAGEI^ PER 10 CC« 0? 

RUBBER CI/3.AIŒD IIP IKÎIE3 TJIŒS mTE 0AB301T MD 
AIIÍOST WATER Wl^SB.    IITBATTC )Ii TAÏiUE OP ORIGINAL 

SOLUTIOÏT » U. ,U>^ OC, 

^ 

Titration Value ce. 
Reagent ■      13 

Minutes 
23   ■  . 

Minutes 
■■   33    . 
Minutes 

U.3 
Minutes 

P^^ainlnophenol 
U.50 

U.Ú5 
U.50 

U.50 
U.50 

U.70 
U.70 

Blank U.60 -¡+•70   " 
U.70 

'       ^.90 
5.10 

P^O.P. #5 U.55 
U.55 

u.go 
U.S5 

U,95 
U.95 

5.05 
5.05 

Stabilité alba U,70 
U.60 

U.so 
U.70 

5.10 
5.20 

5.20 
5.30 

Me thylumbqlliferone U.65 
U.65 

U.S5 
U.S5 

5.00 
5.05 

5.20 
5.25 

J»Z«<?« f^.70 
•   U.70 

U.90 
U.90 

5.20 
5.20 

5.30 
5.30 

A^ei*ite • 5.00 
U.SO 

5.U0 6.70 
6.60 

7.25 
7.35 

yiectol H 5.00 
5.10 

5.95 
5.ZO 

'      7.65 • 
7.75 

g. 30 
8.35 

Phenyl-be ta-naphthylamine 5.10 
5.00 

6.50 
6.60 

S.9 
g.9    : 

'   11.0 
ll.U 



2. Increasing the Viscosity of Goldenrod Enbi)er and the Ponnation of Gels 
Dy Irradiation in Absence of Oxygen. 

It has heen shown in the literattire that when a benzene solution of raw 
■hevea rubber is irradiated in the absence of oxygen its viscosity increases 
until finally a gel is formed (l, 2, 3, U, 5, 6, 7). 

This is theî5kaîé of U. S. Patent #2,23U,7U3 assigned to the Goodrich 
Rubber Company. In actual practice this rise in viscosity is preceded bv 
a .slight fall in viscosity which is attributed to the presence of minute 
traces of oxygen lihich it is practically imi^ossible to"renove. The vis- 
cosity thus falls until, according to the accepted theory, all of the 
available oxygen has been used up in oxidation or depolymerization, and then 
rises due to polymerization until finally a gel forms. If the depolymeriza- 
tion has proceeded too far gelation does not take place. 

..:^^^^^  Of goldenrod rubber â-om Pilot Plant Run #1^ containing no Agerite 
S^t?""'?;/ *^*^\*^°^/^l^^ <'i' ^.30, was Cleaned up with activated ctarcoaL. 
Merck. The concentration of the solution was 0.02861^ gm./cc. 

In the following experiments 9.2 cc. (257 mg.) of the cleaned up rubber 
SQlution was m^xed with various activators and sealed in vacuo in Pyrex 
tubes. The weight of the activator used was 5 percent on the weight of the 
rubber except in the experiments with carbon tetrachloride and chlorophyll 
aç the activatorsc Ifnen carbon tetrachloride was used an amount of thö 
^^1!°'' ^*«*f^i^loride equivalent to the amount of benzene was used, men 

(oiS)?    ''^' "^^^^  ^•"'^' °^  °^loT°P^i^ll was added to each 25O mg. rubber 

The samples were introduced into Pyrex exposure tubes by a Capillary- 

lilïl\TT '    ^^^  «01^*^0«^ were-frozen solid in a dry-ice-alcohol siush, 
evacuated to a pressure of about 0,02 mm. to eliminate most of the oxygen 
aud sealed off with a flame under this vacuum. 

(1) Porritt, B. D., India Rubber J., 60, II6I (l920), 
(2) Pummerer, R., and Kehlen, H., Ber., 66, IIO7 (1933). 

(U) Meyer, K. H., and Perri, C., Helv. Chim. Acta, 19, 69U (1936). 
5 Spence, D. and Perry, J. D., J. A. C. S., 59, iP+S (l937). 

JbJ Stevens, H. P., Trans. Inst. Rubber Ind., ÎÏÏ, 211 (19U0). 
Kl)  Haunton, ¥. J. S., Trans. Par. Soc, Jg, 332 (19I+2), 



A test Tvn  was made on each set of tubes to determine the gelling time 
in sunlight: 

Activator gelling lime (hrs>) 
Benzophenone i+»5    ' 
Benzaldehyde U#5 
Carbon tetrachloride    "^ 7 
Benzoyl peroxide S 
Maleic anhydride 13- I5 
Q^inone 108 
Chlorophyll 65 
None •-* 

••• In a previous casé, using a wider -tube a sample gelled within 10 hoiirs» 

A series of tubes from each set >/as exposed to sunlight for varying periods 
of time based on gelling tíjne, one tube of each being kept in the dark as a 
blank. After expostire the tubes were opened, dilutions made, and titration • 
values and viscosities, in solution 0.175 gni. per 100 cc, of benzene at 25** C., 
determined on the resulting solutions. The undiluted solutions were evaporated 
to dryness under a stream ef CO2 to compare tackiness« 

The results are tabulated in table I and plotted in XIIT-E»-figure 1 
attached. The original-^alue s for the-viscosities and titration values were 
different due to the presence of the activators. (See Table on page i^o).\ 

In most cases, as was found in hevea, irradiation caused an initial 
decrease in viscosity and then the viscosity rose above the original Value. 
The titration value would be e:rpected to rise at first due to oxidation and 
would rise to différent values in the different sample tubes of any one set 
according to the amotuits of the "traces^ of oxygen left in the tubes. 

The abnormal value for the one*-hour values for benzophenone and for benzalde^?- 
hjrde and the seven^hour value for maleic anhydride could be explained by. the 
assumption that a larger amount of available oxygen was left in these three 
tubes so that oxidation or depolymerization proceeded to a much greater 
extent giving a much higher titration value, 7*^0, S.I5, and 13.00, respec- 
tively, and a lower viscosity than the other tubes in the set. 

In the cases where carbon tetrachloride and* benzoyl peroxide were the 
activators, however, the titration values decreased 'steadily on irradiation. 

For each curve' in the graph the last point shown \^as the last point before 
gelation took place. 

Discussion and* Summary. The viscosity of goldenrod can be increased tmtil 
gelation takes place by irradiation of its benzene solution in the presence 
of catalysts and in the absence of oxygen, Benzophenone, benzaldehyde,. and 
carbon tetrachloride seem to be t-he best activators.    - - -  •  .^.w..  

In general the viscosity .first decreased, due to rea^ct^on with traces of 
oxygen as shown by an increase in the titration value, and then increased. 
IVhen carbon tetrachloride, benzoyl, peroxide, and benzophenone were use^ as 

, ^^ . pyer -  - • ^^ . 
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GOLIffiSmOD IRMJIATIOH TH ABSSHGE OF OXfGM 

Activator Time Exposed Viscosity Titration Stickiness 
(hours) Yal-ue at 25''C. Ho. 

Benzophenone   ' 0 0,700 Kk5 1? 
ji 1/^ 0.6gl »+.75 4 
It 1/2 0.710 I+.55 4 
ti 3/^ 0.731 ^.55 4 
II 1 0.679 7.60 4 

Benzaldehyde 0 0.59S 4.50 2? 
II 1/1+ 0.652 7.00 3 
ti 1/2 0.659 5.S5 2 
H 3/^ O.72U U.50 1 
II 1 0.6UU g.15 1 

1 

It 2 0.756 5.75 
-r 

Carbon tetrachloride 0 o.bm 4.45 2? 
n 1/2 0.679 4.U5 3 
11 1 0.620 kM 2 
II 2 0.67U U,30 2 
n 3 . 0.710 U.30 1 
II 1+ 0.72s U.30 2 
II 5 0.736 ^.35 1 
If 6 0.765 4.30 2 

Benzoyl peroxide a 0.665 5.05 4Î 
11 1 0.6S3 U.90 4 
n 2 0.6S5 4.85 3 
» 3 0.690 4,80 2 
II i| 0.6S5 ^.75 2 
It 5 0.697 4.70 3 
II 6 0.691 4.70 4 
ti 7 0.696 4.65 4 
It g 0.716 4.70 ^ 

Maleic anhydride 0 o.¿9^ 4.40 3? 
ti 1/2 0.679 4,50 4 
It 1 0.689 4.65 3 
It 3 0.695 4.60 2 
» 5 0.710 4.65 1 
It 7 0.6U7 13tOO 0 
It 10 0.771 4.70 0 
II 15 eel —. 1. 

Quinone 0 0.6!+l| 4.60 1Î 
It IOS 0.681 8.20 mm 

ti 20S 0.6SU 8.35 ... 
Chlorophyll 0 0,b9i+ 4,65 3? 

n 20S O.72H 4.55 ~ 
Blank 0 .     0.702 ^.35 4? 



3IIIE 
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TIME     (MRS.) 



xrii-E-p.Ui 

rcenlirií?i*^*'"^*^°" ^""^"^^  remained fairly constant after reaching " 

Tihen benzaldehyde and maleic anhydride were used as activators there 
seemed to be a decrease in stickiness as the viscosity Increased. 

Gelation has been obtained by this procedtire In a sample of goldenrod 
rubber in benzene solution in ten hours Xilthout the use of an activator. 

After the benzene ha.s been removed from the gel formed bv this pro- 
cedure a product is obtained whlcb is Insoluble but swells extensively 
in benzene, which has no tack or stickiness, and which seems to have.  ' 
lost some of its rubber properties. 

This investigation suggests the desirability of irradiating'about 50' 
grams^of goldenrod rubber by th5s procedure (omitting the catalyst) until 
the viscosity has-been raised from about O.7OO to about .73O and then 
having it vulcanized by the solution method. 

Large Scale Photogel Formation and Its Tulcanizatinn. The following 
experiment was performed to test the vulcanization iDroTDertles of golden- 
rod rubber whose viscosity had been increased by irradiation in the 
presence of 001^ and in the absence of oxygen. In order to obtain a 
^''v?i^.°L''''ï^^^ containing no antioxldeoit (antioxid.r.nts are said, to 
inhibit the Irradiation reaction), Sg6 grams of goldenrod leaves ground 
to 30 mesh were extracted in the "dark extractor"? acetone extraction 
¿Ö hours, benzene extraction 24 hours, 6.75^ yield« 

,L.n^^ ^ii*^? °°1.°L^'"'^^''^ solution containing aToout 60 grams of rubber 
were treated with 60 grams of activated carbon (Merck), slur-ied. allowed 
to stand overnight in the dark, and filtered through a thin layer of-car- 
bon under an atmosphere of COg (except for the first- I5 minutes or so, of 
the filtration, TÄen the solution was inadvertently eicposed to air). The 
Clear filtrate was evaporated under reduced pressure to a volume of SOO 
cc. at jU-íí-- 0„ under a OOg atmosphere. It was transferred to a special 
arradaatxcn tabe made,of 70 mm. Pyrex tubing and an equal volume of car- 
bon te'Gracnloride w.s added. The tube was degassed by successively 
freezing and evacuating to 3-^+ mm. twice. írradiati¿n:was- then'caíried 
out in sunlight removing 10 cc. samples from time to tdme to follow the 
change in viscosity. The original ample removed before irradiation had 
an absolute viscosity of O.663 c.p. af 25» 0. in 0.1755^-concentration. 
A^ter^S hours of exposufe the viscosity had chan^ged to 0.-690. It had 
been intended to raise the viscosity to about 0.72 but an accident'to the 
apparatus necessitated the termination of the irradiation.- The bulk of 
the solution was treated at once with antloxidants and co'mpounding mate- 
.L.f  distilling pot by The Engineering and DeveloDment Division, 

and finally Talcanlzed, — .       " 

They reported that the sample required a higher temperature of cure 
than usual. One 60-minute cure 3O* higher (290« F)gave 1U3O p.s.l, 
and the sample bloomed on standing indicating-that it was still not" 
completely cured. 

over .    . 



F-MODIFIGATIOrr OF GOLIiEîimOD EUBBEE 

G-oldenrod rubl^er has thé -ondesîi*al3le quality of being sticky and soft» 
This makes it difficult to mill and compound on the rolls like hevea* 
There seem to be at least two causes for this ètîckiness and softness, (l) 
the presence of oxidative degradation products, and (2) the fact that it 
has a lower average molecular x^reight and consequently a lower melting 
point» A n-umher of methods were applied to modify goldenrod rubber so as 
to make it non-^sticky and heavier-bodied without precompoimding or pre- 
curing it» These methods maybe classified under the headings (l) 
pairif ication by extraction of the oxidized and the lower molecular weight 
fractiont (2) polymerization, or copolymerization with styrene or aery- 
lonitrile, using a catalyst such as sodiumt diazoaminobenzene, or benzoyl 
peroxide, (3) reaction with maleic anhydride in the presence of a Catalyst, 
(U) treatment wi-th formaldehyde; and (5) mixture with resins and similar 
substances» These will be taken up in the order named» 

1* Modification ^y Extraction with Solvents. 

It was shown by Bloomfield and Farmer that the' oxidized fraction and 
the lower molecular weight fraction of hevea rubber can be extracted by 
a mixture of acetone and petroleum ether» This method has been applied to 
goldenrod rubber and it has been shoîm that a rubber of higher viscosity 
•giving a vulcanizate of higher tensile strength could be so obtained» It 
was evident from these experiments .that a better rubber woixld be, obtained 
in the pilot plant if a small percentage of benzene were present in the 
acetone used for extracting the resins from the goldenrod leaves prior to 
benzene extraction»  This was verified by results of Pilot Plant Run 17» 
This treatment caused a substantial lowering of the yield of rubber ob-..: 
tained in the benzene extract» Further preliminary e:iq)eriments were there- 
fore performed to obtain information as to the solubility of goldenrod • 
rubber in various concentrations of different solvent mixtures» The details 
of these preliminary solubility determinations are appended to the follow- 
ing description of the fundamental experiment» 

♦ •• 

Extraction of Rubber to Isolate Fractions of Higher Viscosity and greater 
Tensile Strength» One hundred and twelve ,grams of benzone extract from , 
Pilot Plant Run #^w0re slurried with 112 grams of Me3:ck activated carbon 
and, after standing 12 hours, it w?^s filtered-through a la^yer of carbon ajid 
filter cell on a Büchner funnel into a suction flask containing 1.12 grams 
of Agerite» The solution was evaporated to a syrup under partial vacuum 
and precipitated with acetone then dried by heating in a stream of oxygen- 
free nitrogen» -       ' 

S3 grams of this product were placed In a S-lite?: E^^lenmeyer.fl.asl?: and 
covered with 2-l/2 liters of a mixture of &0fo  acetone and ko^ petroleum 
ether by volume» The air in the flask was displaced by G02f and, -after 
stoppering, the flask was kept in a dark cabinet for six days ,\fith occasional 
tilting. The supernatant liquid was then decanted and, after adding 200 
mg» of Agerite, stored in a stoppered Brlenmeyer flask tender CO2. (fraction l). 

The residue was covered with 2-.1/2 liters of a 5O-5O mixture of acetone 
and petrole-um ether, 200 mg» of ^gerite added» and kept under COg in the 

Bloomfield, 0. F», and Farmer, E» H., J, Inst» Rubber Ind», 16,69 (l9^0). 



dark for 10 days. The supernatant liquid iiras decanted and a washing with -• - 
acetone added to it (fraction 2). & ,  A-. 

1  v'^în rfî^^^ "^^^^ H^^^ ^^ heating In a streajn of oxy^en^-free nitrogen and 
laoelled vfraction 3)^ ^     . ^   ■ 

Fractions 1 and 2 x^ere finally brought to dryness in a' vacuo, dried in a 
stream of o^^gen^froe nitrogen, and weighed. Samples were removed from 
each fraction for determination of titratlon value, viscosity, iodine number, 
carbon. hydro,:^en, and nitrogen» 

Fractions 1 and 2 combined and fraction 3 were dissolved in  benzene and 
submitted to the Engineering and Development'Divisíoiñ for vulcant^ation* 
The results are ^ven in the accompanying table Ï* 

Solubility Easperiments» In the above experiment which was carried out 
to show the possibility of fractionating goldenrod rubber, no attention was 
paid to yield or spe^d of extraction» 

A number of small-scale aolublXlty experiments were then performed for 
the purpose of obtaining data for,possible use in choice of solx-ents and 
temperature to obtain a high yield and rate'of extraction in fractionation 
investigations» 

(a) Solubility of Ooldenrod Rubber With Acetone>^Skellysolve B Mixtures 
at H5^ Cl    Öoldenrod rubber from Pilot Plant fiun #U, was cleaned up with 
Carbon, acetone precipitated, and dried in a stream of oxygen-free nitrogen» 
Ten-gram samples were placed in 500 cc» stoppered Erlenmeyer flasks, covered 
with 250 cc» e^ch of .Various mixtures of Skelly solve B and acetone, and - 
allov;ed to stand in a constant temperature bath at.Uç* 0» In a dark room* 
At intervals, 5 cc» aliquots were removed, evaporated to dryness, and 
velghed to follow the rate of dissolution» Before taking a sample, the 
supernatant liquid was swirled gently, to make it homogeneous» The,data 
are represented in graph Xlll^P-flgure 1» The extraction was,*in«all 
cases, practically complete in 2U, hours in the amounts shovm in the folloviu 
ing table; 

(10 grams of sanplM to 250 ce» of .solvent *>> ^5-^0» ) 

10^ Skellysolve B - 90^ Acetone 2^ dissolved 
20%   " " ^ SO^/  " 3^   « ' 
305^   »^ " ^ 70fa  " Bfo       " 
' '    " " ^ 60^  " .  2Bfo        " 

(b) Solubility of G-oldeiarod Rubber in Acetone-^Benzene Mloctures'.at 
^5^ P* Goldenrod rubber from Pilot Plant Run #U was cleaned up with carbon 
and then precipitated with acetone and dried in a: stream .of oxygexwfree 
nitrogen» Ten-gram samples were placed, in 5OO cc» stoppered Srlenineyer 
flasks, covered with 25O cc» of solvent, ¿nd allowed to stand in a Con-* 
stant temperature bath at ^5*=^ 0» in the-dark. Eive'be» portions wpre re** 
moved during the course of the experiment ^after mixing the supernatant 
liquid to make homogeneousi and total solids were determined» - The-i total 
amounts dissolved after equilibrium had been reached, about 2g hours, were 
as follows; over 
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ÜRACTIONATION Oí GOLEEMOD RTBBER 
I 

I 
Fraction   Solvent     Sample Titra~^*i  Viscosity 
Ho*    Mixture     Weight tion'val.    Oa75^  Iodine   

TDy Vol. at 25*C.   soln. in    Ho.   0 
"benzene 

Analysis 

H ÎT 

^m ce. c.p» 3: 

Yule, iime Tens, jat- 
Ho.  of   str, Elonga- 

Oure        tion 

Min» -p. 3. i. % 

Portion soliible 
in Û0u60 mixt, 
pet,  ether - 
acetone 5.50 

Portion of resi- 
due from #1  sol- 
uble  in 50-50 pet. 
ether-acetone iH 

Portion of resi- 
due from #2 insol- 
uble in 50-50 pet. 
ether-acetone        -   52 

■5.35 

U.U5 

0,625 

0.623 

0.722 

339 
337 

S3.5 
S'3.U 

10. U5 
10. U5 

0.5(^     . 
0.55v20l+A 
 ^20UB 

3kk 
3U6 

86.9 
g6.0 

11.U6 
10.>5 

0.09 
0.09/ 

60« 
UO« 

U35 
5H0 

355   SU.6 
35Û   gif.U 

357 

11.06 
10.95 

0.03 203Ä. 
0.03 205B 

203c 
20 3D 

60' 2590 
75' 2500 
1^-5» 2610 
30' 2H90 

550 
550 

700 
750 

m 
* Titration value original  sajnple was "U#35 cc. 
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do ^rams of samT)le to 250 ÇC#  of solvent^ U5^ G^) 

20^    benzene   ^    80^   Aôetone 3^ removed 

yfo     "       ^  6o^      «    . ^ M   « 
'^a      » ^   50^        " gof.    " 

(c) Solulplllty of Very Poor'&rade of &oldenrod In 50-50 Acetone^». .' 
Skellysolve B Mixtures at Room Temperatures» After cleaning up and acetone* 
precipitating Pilot Plant Run #2, which had a titrât Ion value of ^,85, 6'g^" 
of the sample vias soluble at room temperature in 20 volumes of 50-5p mix-* 
ture of these solvents* 

It would thus not be practicable to obtain a reasonable yield of hi^ ' 
molecular weight rubber from this, poor degraded sample of goldenrod rubber»; 

The soluble or oxide fraction was brought to dryness in a vacuo and used 
to make solubility tests with some th:^*rty solventst which were carried out 
simultaneously on a good sample of goldenrod rubber of titratlon value U.'3 • 
cc» Ethyl acetate showed the biggest difference in. comparison with the good 
rubber. 

(d) Solubility of Goldenrod Rubber in Ethyl Acetate» Goldenrod Pilot 
Plant Rubber #3 was cleaned up with a carbon slurry and brought to dryness 
in vacuo; 2 grams of this material were allowed to stand under 3OO cc. ethyl 
acetate in the dark for 2^4- hours at room temperature and th^n the turbid 
supernatant liquid was decanted and evaporated to dryness in vacuo, dis-- 
solved in benzene and cleaned up with carbon» The re.sldue was dried in 
vacuo> dissolved in CgHg and cleaned up \d.th carbon» 

(g>^gram sample to 300 cc» ethyl'acet$.te -> room temperature) 

Titration , Absolute Viscosity 
" Value    0.175^ CgHg soin. 

Soluble fraction 18^ 6..30 cc»  O^èçO o.p» 
Insoluble fraction 22^ Î4^60 ce.  O»721 c.p» 

Method of Obtaining Improved Grade of Goldenrod Rub'ber: in Pilot Plant by 
Use of Mixed Solvents» Pilot -plant rubber can thus be fractionated with 
(a) acetone-benzene mîxturesf Cb) acetone-^Skellysolve B mixtures» or (c) 
ethyl acetate at room temperature to obtain a rubber of a higher viscosity 
and therefore, probably a higher molecular weight» The lower molecular 
weight fraction could be recovered for other possible u^es♦■ •. - - • 

The above results suggest that dt would be.adv.entagepus^tp mix a ^little 
benzene (or petroleum ether) x^rith the acetone in the initiai acetone ex- 
traction of goldenrod leaves» The "oxide" and low^mblecularw.weight fraction 
of the rubber would then be expeôted., ,tô be removed with the resins so that 
the final benzene extract would óontain a smaller yield of a better grade 
of rubber. The optim-um proportion of the solvents to be used would depend 
on thé duration of extra/ction or the total volume.x)f solvent,passing .oyeT 
the leaves* The solvent in the boiler would, of course, .be,lower in acetones- 
percentage than that desired in the, extractor^ ,,It.was stiggested that the 
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effect of addition of various amounts of iDenzene to the acetone l5e in- 
vestigated in the pilot plant. This principle was involved in Pilot Plant 
Riin #17 in which some 20^ of iDénzçne was present in the acetone Lised for 
resin extraction from the leaves» As is evident..from the data on thns 
sample, given ah ove In sections XIII-C and D, the product of Pilot Plant 
Run #17 was actually a much better grade of ruhher and was relatively non- 
sticky and hard* 

In this run, however, the amount of ruhber which was extracted with the 
resins and therefore lost was very considerable, as is shoim by the low 
yield of rubber (reported about 60^ of the usual yield). It seemed possible 
that approximately the same effect* could be attained with a higher yield, 
if a smaller percentage of" benzene were used in the acetone.     . ^ : '- 

The "solubility" data below were therefore obtained to serve as a basis 
for the selection of the optimum proportion of benzene in acetone to be used 
for the extraction of resins by tîae pilot plant procepss at 2^%^    It-may 
be possible to obtain an improved goldenrod rubber by extracting the more 
soluble, less desirable fraction of the rubber with the resins in this way 
without an inordinate sacrifice in yield. 

Pilot plant #27 goldenrod rubber extracts first 12 hours and last 12 
hours w^eve  mixed in the ratio of their yields, 3tS to 1, to give a re- 
presentative mixture for the whole extraction. The rubber was acetone pre- 
cipitated and dried in vacuo. Ten-gram samples of th5s mixture were 
allowed to stand at 25® 0%  under successive 200 cc. volumes of acetone- 
benzene mixtures of various ratios. The ustial diffusion solubility tech- 
nique used in rubber fractionationi i.e., with no stirring, was followed. 
After various periods ranging from 28  to kS  hours the solvent -was decanted 
and replaced with fresh solvent of the same composition. ' Total solids were 
determined on the solutions decanted. 

The total percent dissolved after six passes for the various solvent 
mixtures Ig.- shown in the follov/ing table. The total dtiration of the ex^ 
traction was ten days. The amounts extracted in the sixth pass varied 
fro.m 0.25^ to O.i+7^; this extract was probably made up in considerable pro- 
portion of oxidized or otherwise degraded rubber formed during the ex- 
traction judging from previous experience. ; ' 

Volume Ratio fercent Dissol-ved';,... 
Tçtal . acetone-Denzene Pass #1 ^ #2    #3    f^- ■ . #5 #6 

85-15 
gO-20 
7S-22 
75-25 

1.32 
1.32 
1.55 

Mi ■   .35^   .^1^ 
.91      .SI     .65 
.93      .77     .66 

1.30     1.06     .95 
M 
M 

. 'M 
.31 
.^7 

2.^ 

U.5... 
5.7 

The results indicate that at 25°0, some 15^.of Tacnzene in the acetone 
coming from the still-pot might "be tolerated without too great a loss of 
rubter in the resins. The loss can be ejçected' to be greater than^the 
2,3Í  shown in the table since 2U passes at lea si would "be used in the pilot 
plant and because of the lower efficiency.of extraction by the diffusion 
method above. 



Additional data should be obtained on the titration values and v4s-^ 
cositîes of fractions obtained by fractlonation of pilot plant rubber -Vith 
the various solvant mixtures mentioned above, with particular emphasis on 
mixtures which would give a good grado of rubber in.high yield» 

2» Modification by"Polymerisation and Oopolymerization, :,' ' . 

A polymerîîsatîon of 200 grams of pilot plant goldenrod rubber contain- 
ing antloxldant was pei^formed by shaking the 13*5^ benzene solutiö^n with 
20 grams of thinly sliced sodium» * The"reaction was continued for two 
weeks, being shaken in the daytime and stationary-at night (total shaking 
time ¿7 hours)» Ihe top of the rubber solution was decanted and precipitated 
with alcohol, washed with ace.tonetand dried - total weight SI grams. It 
was considerably less sticky than the original rubber. The sodium was 
picked out of the remaining more gel-*llke solution, and the solution was 
decanted from jlumps of sodium résinâtes and evaporated to drjnaess. This 
sample, iirelghing lOJ grams» contained pockets of brownish resinous" solid 
material, probably reslnatesf but was drier^and had much body and toughness« 
ITo tests were run on these samples# 

"A typical small-scale copolymerlzation experiment with stjrrene w^s per- 
formed as follows: 

A 10^ solution of goldenrod rubber in benzene, 10^ of sliced metallic 
sodium, and 20^ of redistilled styrene on the rubber were shaken inter- 
mittently and after 10 daySf gelling had ^taken place« A seml-^hard pro4- - 
uct ' was ^removed by acetone precipitation and submitted for test» ^^The 
sample milled very well» It was not lacy and could be sheeted» This 
material was only subtly stickj^ and it appeared to have sufficient body 
so that compounding chemicals co.uld.probably be Incorporated satisfactorily»" 

Copoljanerlzation of goldenrod.rubber, with acrylonltrlle was also attempted 
but the product showed no marked. Imparovement» 

3» Modification by Treatment with Maleic Anhydride ^ . ' 

It has been found that the *pt*opertles of goldenrod rubber can be modified 
over a wide range by s5mple treatment of the benzene solution wl^th various 
proportions of'maleic anhydride in the presence of a" catalyst». , The possl* 
bllity of obtaining this effect was suggested by recent publications and 
patents of Bacon and fa'^mev. anà.  of Dlckhauser. 

Bacon, R. &• R», and Farmeri E« H«, Rubber Chem» and Tech», 12, 200 (1939); 
British Patents 535,889 and 5Ul,l67 (l9^l) assigned to Tho British Rubber 
Producers' Research Association» 

German Patent 5UU,326 (1932) assigned to the T. &• Tarbenlnd» 
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Bacon and Farmer.isade a thorOTigh study of th5s reaction on hevea rubber 
and reported*tEa% thé products obtained varied from rubberlike substances 
S ^^ ""^ anhydride on the rubber was used, to hard, horny substances when 
100^ was used» • 

In applying this reaction to goldenrod rubber, the general procedure was 
as follows:  ' 

A 10^ benzene solution-of'goldenrod rubber containing-the rnaleic anhy^ 
dride and the benzoyl peroxide in the desired proportions was heated for 
about 3, hour s on a steaiii bath or until a small sample evaporated on a 
watch glass gave a npn^-sticky^product. The solution was then evaporated 
to a syrup and the rubber precipitated with acetone and'dried in vacuo to 
remove the solvent*. 

Var5ous ratios of maleic anhydride and benzoyl peroxide were tried and 
the prodœt obtained varied accordingly. One percent of maleic anhydride 
and l.io  of benzoyl peroxide on the rubber gave a product which was still 
^^'l?ïlf    y^' ^^"'^ ^ ^^^"^  product better than 3^1/0, The product obtained 
with 3/^3/6 of anhydride ?nd benzoyl peroxide was' very similar in its 
appearance, boäy,and toughness to hevea. Higher-percentages of maleic ' ' • 
anhydride and catalyst, above about Sfo,  gave hard brittle resinous products. 
It was found tlna.t fresh maleic anhydride gives a better product* 

A fifty gram sample made with yfo  of maleic anhydride and- ^fo- of benzoyl 
peroxide was submitted for test* It was reported to have excellent milling 
properties. "It ^^^orked well on the rolls, picking vp  carbon- to form an 
excellent dispersion.  ^^us compounded it could actually be Calendered in 
thin sheets on the rolls* A 3O minute cure with O.5 part of D. P. G, gave 
a soft sticky vulcanízate which bloomed; a 30 minute cure with ,0.5 part • 
of D, P. Gr.  .arid 5.5 parts of zinc stéarate gave a vulcanízate which had 
a tensile strength of I52O p*s*l* and an ultimate elongation of 600^. This 
vulcanízate bloomed." The acid value of the unvulcanized rubber was re- 
ported to be equivalent to SUOO mg* of EOH per 100 grams of rubber. This 
was^taken into account in various compounding formulas"used but the vul-• 
canizates so obtained were very-poor. 

A fifty gram sample of maleic acid-.benzoyl peroxide reaction product wl^h 
an acid value about the same as the above^-mentioned sample was dissolved 
in benzene an.d refluxed with 2fo  alcoholic potassium hydroxide, after i^hich 
it^was precipitated with alcohol, washedgand dried.  The product was com- .• 
pletely non-sticky and resembled a vulcanized gum stock'of very low tensile ■ 
strength^ Ho tests were made on this sample as it had practiôally no tack- 
and it was obvious that it would not mill well* , ^ ' . 

Further Possible ADplications of Maleic.Anhydride Reaction*, The'marked" " 
change obtained in the alcoholic KOH treatment just described* suggests' that.„ 
a non-sticky goldenrod rubber may be obtained by so treatmg a maleic anhy-. 
dride reaction product formed with a very low percentage of maleic anhy- 
dride and benzoyl peroxide. 

Furthermore, it should be pointed out that the purpose of Farmer's patent 
on this reaction with hevea was not to make a non-sticky rubber," but rather- 
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to make a resinous sraterial which was compati'ble with celluloslc materials« 
Por example, in British patent 5^1:,l67, the statement is made that "acetone 
solutions of cellulose acetate and of the maleic anhydride*-rul)'ber derivative 
are mutually compatlTsle and ty mixing acetone solutions of the two materials 
it is possihXe iîo Incorporate tlie jmâleic anhydride-ruhter derivative uniformly 
Into cellulose aceta-te^» ^t is in fact posslhle by the claims' of th5s patent 
to cause chemical comMnation of the ruhher and cellulose, derivatives, Thus 
claim 1 covers ^a process for the preparation of modified ruhher derivatives 
or resins consisting in comT)ining ruhher with esters or ethers of cellulose 
by reaction with maleic anhydride"*'^ It seems likely from these statements 
that a solution of goldenrod rubber subjected to these reactions with a fairly* 
large percentage of jnaleic anhydride could be applied to tire cord to improve 
its adhesion to rubber since the derivative would be expected to be compatible 
with both rubber and cellulese« 

Diazoaminobenzene Instead of Benzoyl Peroxide as a Catalyst» A preliminary 
experiment showed that diazospinobenzene can be substiuted for benzoyl per^ 
oxide as a catalyst for the maleic anhydride reaction with goldenrod rubber. 
The product obtained with 2fa of maleic anhydride and 1^ of diazoaminobenzene 
at SO* C. for three hours was slightly sticky. It was submitted to the 
Engineering and Development Division who reported as follows^ *^It resembled 
nervy reclaim on the rollst and would .not sheet well as it was extremely 
lacy. It was only slightly sticky and appeared to have sufficient body so 
that compounding chemical's t^ould be incorporated satisfactorily on the roils"« 
It seems probable that better products could be obtained by trying various 
modifications of the percentages used, 

U, Modification by Treatment with Formaldehyde,. 

This treatment was s-uggested by a step in the preparation of "tI.S,F^^ a' 
New Crude Rubber" described by McGavack in a recent article ^f that title. 

McGavack^ J« li*^ Ihd» Eng« Chem,vJli^ 1335 il^2)^ 

In that pr<>cess^ hevea latex Is treated with formaldehyde as soon after • • 
tapping as possible^ It prevents bacterial and enzymatic changes and acts 
as a stabilizer^ especially against oxidation* TVhen a sample: of. sticky ' ' ' . 
goldenrod rubber «ticking firmly ta a glass or iron vessel was covered with 
37^ formalint It could be scraped away from the walls v;ith a spatula after 
about an houi^B^y drying in a stream of nitrogen and then in vacuo a product 
was obtained which was definitely much less sticky and which'had more body 
than the original. 

Since this treatment seemed more or less superficial» various other methods 
were tried to obtain a good mixture of the rubber \nth formaldehyde* These 
included (a) precipitation of-the rubber from a benzene^ solution with acetone 
containing paraformaldehyde and formaldehyde and (b) -soaking the ground 
goldenrod leaves in formalin before extracting the rubbei:w The products ob- 
tained however showed no improvement, 
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5«    Modification lay Addition of Be sins» 

Various couffiarone and indene resins were mixed wHh the rubber in "benzene 
solution but the products obtained were still very sticky* 

Summary of Investigation of Modification of QjOldenrod.Rubber»    Goldenrod   ■: 
rubber can be improved by extraction with suitable mixturesrof a solvent 
and non*-eolvont^    The lower molecular weight fraction and the oxidized or 
degraded fraction can thus be removed leaving a much less sticky product 
with a higher viscosity and giving a vulcanízate of muqh higher tensile 
strength»    On the basis of these experiments it was predicted that addition 
of benzene (solvent for rubber)  to the acetone (non** sol vent for rubber) used 
in extracting the resins from goldenrod leaves would result in a rubberwîiloh.©|5L 
subsequent benzene extraction of the leaves would be harder and non-^stioky       - 
and which would give a vulcanízate of a much higher tensile  strength*    Pilot 
Plant Run #17 showed this to be true»    Additional solubility data have been 
obtained to assist in a choice of solvent mixture to accomplish this effect 
with less loss in yleld# .    ;. 

The purpose of. the remainder of this series of experiß^nts x^ras to obtain; 
a goldenrod rubber iïi 'a';'ilon^sticky form which' could ;be'^compoünäed on'tíie 
rolls^    Therefore, unless the .products obtained by the- various methods milled 
wellt no vulcanization was carried out» 

''    "     i. -... * 

Sodium polymerisation does not look promising.    In the, first preparation 
by this method two .fractions were obtained,  a li^te?: .top. fraction of the 
reaction mixture .still, sli^tly sticks^  and a heavier-fraction much lesB 
sticky#    In a second preparation,  the yield was collected; as a whole and 
was still too sticky to mill»    A non-sticky product can perhaps be obtained 
by collecting only the gelled product, but this "would entail a loss in   ' : 
yield*    The  fact that the sodium polymérisation even with catalysts Is time*» 
consuming also argues against its use#    .. • 

The product ♦with the best milling: properties was, perhaps a reaction 
product with'3^ maleic anhydride and 3$^ banzoyl peroxide*    It had an extremely 
high acid value and this may have contributed to  its poor vulcanization 
properties*    The sample obtained by subsequent treatment with alcoholic KOH . 
was so non-*5ticky and *n'on-*tacky that''irTéKa^ëd'like'a vulcanized gum stock 
and,   therefore did not mill well.    It is possible  that If this KOH treatment 
is used on a sample prepared with much smaller percentages of maleic anhy-- 
dride and bensoyl peroxidB,'a'sultabîe degre'e 'of^noíi-stickiness may be 
attained vdthout impairing the ^vulcanizability* 

Treatment of solid pilot pl^nt'rubber.with formalin solution was shown 
to reduce stickiness and incr^^se/har^ess^s^erficlally. Mixing pilot plant 
rubber on the rolls with,carbon containing formaldehyde or paraformaldehyde 
might'perhaps give good results»  .  \ .     -       . .    / 

These experiments were'discontinued because of the success^of the method 
of precompounding described elsewhere in this report* 



In the course of the program a large ni:anl>er of laeasiorements were made 
for the purpose of pilot plant control.    These included over 1800 samples 
as summarized "below and involved over UOOO separate determinations« 

Titration lvalues 214-7 
Viscosities 170 
Analysis of acetone-^benrene^water 
mixtures 1292 
Density of A\)VaBlon "blocks S6 
Fractionation to show distrl'bution 3^ 
Miscellaneous including molecular 
weights, pHt solu'bilities, preparation 
of ruhher solutionPr ASTM solvent testSi 
thermometer calibrations and fractiona«^ 
tion of 32I+ liters of solvents 111 
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'     ". ^ \. XIV^'.^. ANALYTICAL INVESYISATimS 

METHODS FOR THE, £6TB|AyION OF RUBBER CPOTENT OF GOLDENROD 
^   '   '  "■'MATERIAL 

The method used during the fir^t part of the work was as' follows: 

Moisture> Weigh aceurately duplicate two gram samples into American 
Oil Chemists' Society aluminum moisture dishes. Place the uncovered dishes 
in a forced-draft oven at 105^ C, for 2.5  hours, keeping draft at a mini- 
mum. Cover the dishes, remove from oven, cool in a desiccator for 30 min- 
utes, weigh and calculate loss of vieight as moisture; 

Acetone Ibctyactible.,, Material (sc7called resins ) y The extractions were 
miade in 'Smalley type extractors v/ith ground § 24/40 joints at bottom and 
S A5/50 joints at top, equipped, with Hopkins condensers v/ith drip tips. The 
^flasks were 100 ml^ in capacity with S 24/40 joints. The acetone extrac- 
tion may be made on either a variable controlled hot plate or on a, steam 
bath. Blanks should be conducted on the acetone. 

Weigh accurately duplicate samples of about 5 g» of the ground golden- 
rod material and fold in two filter papers in the conventional cottonseed 
virapping manner, using C^ S, and S% No. 597 15-cm. paper or equal. To 
.distribute the solvent place a piece of absorbent cotton at the top of 
the second paper which serves as a thimble. See A^O.A.C. 5th edition, 
page 446. Place 50 ml. of acetone into each tared flask and extract 
for exactly 6 hours at a rapid, constant-rate of drip. Evaporate al- 
most to dryness, collecting the acetone in a small glass tube which re- 
places the thimble when the evaporation process takes place* Place the 
flasks in a vacuum oven at 65^ for 2.5 hours, cool in a desiccator for^ 
at least l/z  hour and weigh. Correct for blank. 

Benzene,. Extrae tibie- -Material ( rubber ). : Remove the vírapped samples 
from the acetone extractions and leave in open beakers over night* Then 
replace in the extractors equipped with tared flasks containing 50 ml. 
benzenie. Extract for exactly six hour's ^at a rapid, steady rate, heat-^ ' 
ing on a variable controlled hot plate. Remove most of the benzene and 
place in a vacuum oven for 2*5 hours at 65^ C. Cool in desiccator for 
at least l/2 hour and weight Correct for blank on t|ie benzene. 

Fineness of Grináíng in Relation to Efficiency of Extraction. It 
soon became evident that v/hen the above method was used, fineness of 
grinding had a marked influence on the results. In one particular sam- 
ple, acetone and benzene extracts were conducted on portions A and B 
of the sample, A being the sample as it was received *and B being the 
sample after milling in a "micro" Wiley mill using the 20 mesh screen^ 
As shown in the table below,' a large-difference was found; 

over 
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% Moisture ! % Acetone Extract t      % Benzene Extract 
Independent A-vg. : ! : As rec'd ! ¿MFB  ■ !  As rec'd 1  MFB 

A 7.38 
7. A3 

7.41 ; 12.4 
13.5    1 

!  13.3  , 
I    14.6   :) 

1    5.7    ! 
5.6    ! 

,  6.1 
!  6.0 

B 6.62 
6.58 

6.60 ; !   18.7 
i   17.8 

s  20.0 
:  19.0 

!     7.7      ! 
:   8.0 

8.2 
:  8.5 

To show Tihat effect an intermediate particle size T/otild have, some of the 
same lot (GRG 70) was ground in a large î/iley using a 10 mesh screen. The 
results follow: 

% Moisture 
Independent Avg. 

8.13 
8.08 

8.11 

% Acetone Extract 
As rec'd 

16.9 
15.9 

MFB 
18.5 
17.^ 

%^ Benzene Eixtract 
As rec'd       ;      MFB 

6.03 
6.28 

6.56 

It can^ therefore^ be deduced that even at this fineness (which is 
approximately 99%  at 30.mesh), a greater yield is extracted than without 
milling. It is clear that the extra fine milling makes possible the 
extraction of a good deal more rubber• 

The same lot, not ground in the ïïiley, was extracted in the Pilot Plant 
in two different runs of twenty-four hours each, with following results: 

Run No.      ^  
Benzene extract (as is basis) 

10 
^•77 U.9A 

The residues from thqse runs \7e're milled in the large ¥iley using a 
10 mesh screen and much benzene-extractable material was found: 

Run No. 
Benzene extract (as is baàis) 

10 
3.07 2.51 

The sums of the Pilot Plant extract and Pilot Plant unextracted 
"rubber»* add to approximately the "rubber content" as determined on the 
very fine basis: 

Run No, 
Benzene extract • 

10 
7.821 7.45 

The effect of fineness of grinding v;as studied in greater detail on a 
number of original samples of miscellaneous unextracted and pilot plant 
extracted goldenrod. Each sample was coned and quartered and divided in 
half. One-half was not altered in any way, but the other half vms milled 
in a micro VJiley mill using a 20-mesh screen. The samples which v; ere not 
reground varied in particle size from very coarse to fine. One sample 
of unextracted goldenrod and one of extracted goldenrod, both milled in 
the micro ¥/iley v/ith 20 mesh screen, v/ere given screen analyses. The 
results, vjhich are a good indication of the general trend follo?^ed 
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throughout the samples, follow: 

%  passing thru 4-0 mesh %  passing thru 60 mesh' 
Unextracted        93^7 46^7 
Extracted 93.8      <       ', 41.5 

Duplicate determinations v;ere conducted on each-unground sample as well 
as on each ground sample. Those included moistures run at 105^ C* for 
2-* 1/2 hours, 6-hour acetone extractions, and, on the. acetone-extracted 
samples, 6-hour benzene extinctions. 

As regards moisture values, it v;as never quite predictable whether the 
material \7ould gain or lose moisture during milling. Some fev/ samples 
varied from 0.2^ to as much as V¡o betT/een milled and unmilled portions. 

The true extent of the differences in extraction can be gained by 
studying the data on some paired samples♦ For example, coarsely ground 
samples in this group averaged 5.4^ rubber when analyzed as received. 
These same samples, finely ground^, a^^eifeged 0,5^ rubber. The relative 
increase of effect of fine grinding on the same material, after partial 
extraction of rubber in the pilot plant, is also noted. The average 
Value for these partially extracted samples when analyzed as received 
was 1.3^ rubber and when analyzed finely ground, 1.9/á rubber, as per Table I, 

Residues from the analytical extractions were submitted for microscopic 
examination. Although the results do not all show the same trend, the great 
majority of residues fron the extractions of fine material showed less 
rubber than those from coarse uaterial. Also, in most cases, .the amount of 
rubber left in a residue fron the extraction of fine material was little or 
none at all. 

In an effort to determine v/hether pr riot fineness of grinding had any 
effect on the quality of the rubber extracted, all the benzene extracts 
Y/ere carefully redissolved in benzene and collected as the analyses pro- 
ceeded. Collection w^as conducted under two main groupings, ground and 
unground, each of which was subdivided into two more groupings»..rubber 
extracted from original goldenrod leaves end rubber extracted from 
pilot plant extracted residues. To determine what percentages of the 
four rubbers were *'resins", two methods T/ere employed; 

1. Acetone extraction for 6 hours.     .  /  / 
2. Double throw .down method,the essentials of which are: 

(a) Dissolve in benzene, precipitate with acetone KSCN 
and centrifuge/ • • •• ^ « « • 

(b) Decant supernatant and evaporate off solvent.^ 
(c) Add acetone, mix and centrifuge.    ' ' 
(d) Decant gupern^atjant,^ evaporate off solvent and weigh 

residue as "resins" after correcting for blank. 

over 
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SOME PAIPuED ANALYSES SHOÏÎIWG EFFECT OF FIIŒ GRIîJDING 

X 

I 

% ACETONE EXTRACTS  (MFB) % BENZENE EXTRACTS  (iVlFB) 

Original Material 
: 
: Corresponding Residue  ¡ 

1                                              i 

!    Original Material      ! Corresponding Residue 

Anal. As Finely : Anal, As 
! 

Finely    ; ' Anal. As 

1 

Finely ! ! Anal, As Finely 
No. Rec'd 

16.5 

ground :    No. Rec'd ground    ! !    No. Rec'd ground  ! !    No, Rec'd ground 

AF-923 18.7 : AF-926 6.07 7.4-0    ¡ Î AF-923 5.77 7.-40  Í ! AF-926 0..57 0.92 
Ar-950 15.2 19.6 : AF-9-Í9 0.8A 1.05 ! AF-950 5.61 8.29 '. AF-949 3.72 4.45 
AF-951 1A.6 17.5 : AG-7^ 0.58 1.09 ! AF-951 '5.07 5.57  • ! AG-7A 0.98 1.71 
;íF-952 13.8 17.-^ : AG-75 0.93 2.02 : AF-952 7.73 7.88 ! AG-75 ■ l.OA 1.45 
AG-U2 U.7 16.A : AG-^43 2.35 3.2A    i ! AG-U2 5.27 6.12   ! •AG-AA3 1.60 2.31 
AG-U4 U.7 18.4- : AG--W-5 1.3^ 2.71 ! AG-/,/,/, 5.10 A. 91 . ! AG-^i^5 1.53 2.34 
AG-U6 13.3 16.0 : AG-U7 0.56 1.88 : AG-iW.6 - - 1 AG-U7 0.54* • 1.53* 
AG-^i8 16.5 17.6 : AG->;A9 1.77 1.21 : hQ-/U,B A. 13 4.8A ! ! AG-/ÍA9 0.37 1.14 
AF-928 13.A 15.6 : AF-927 0.9A 0.9>C : AF-928 4.»76 5.89 ! ! /J-927 0.59' 0.88 

* These figures not included in average. 
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A comparison of the values obtained by each method follov/s: 

"Re^in^^ content of: 
Rubber from^original Rubber from pilot 
EOldenrpd material plant residues 

Method of determination of  . Extracted« Extracted î ExtractedîExtracted 
"resin" content of rubber    from fine: from coarse: from fine:from coarse 
 ^  r r    1   .     ^^^^^^?J  gamples ,,: samples t    samples 

%                   $ %                 % 

6 hour acetone extraction      5»A      16.4. 9*4    18*0 
of rubber 

Double throw down method       7.4      19#4 13.2    21.1- 

These results shov; that regardless of the method used for estimating the 
"resin" content of the analytically extracted rubber fractions^ the rubber 
extracted from finely ground samples contains much less "resins" than that 
extracted from coarsely ground samples. 

Moisture. Content of Samples in Relatjlon to Efficiency of Extraction. 
Since experiments described in another section of this report showed that 
rubber could be extracted more rapidly and completely from completely dry 
goldenrod material, the effect of moisture was investigated in relation < 
to the analytical extraction. In conjunction with these investigations,, 
the relative rubber extraction qualities of Skellysolve B and benzene w^ere 
studied side by side. The goldenrod used throughout GRG-¿3(AE-454.) was 
finely ground in a micro Wiley mill using a 20 m?sh screen. The standard 
analytical Sample v/as exactly 5 grams of this raw material and all per- . 
centages given in this report are on the basis of this standard analytical 
sample. 

All of the solvents employed v;ere dehydrated prior to extraction. 'Che 
acetone was dehydrated with calcium chloride and the. benzene and Skelly- 
solve B with calcium oxide. These anhydrous solvents were employed' 
exclusively, regardless of pre-extrection* treatments of the goldenrod. 
Also, in order to minimize the variables,, every determination was conduct- 
ed in Smalley extractors equipped witfa calcium chloride tubes. All extrae-* 
tiens were conducted for exactly 6 hours.       ' * ;•      .... ;^ 

TJhenever a drying operation ?;as called for, this consisted of overnight 
drying (ca. 16 hours) in a 50^ G. vacuum oven^ The term "de - acetone", 
refers to the removal of acetone from the samples by allowing the acetone 
to evaporate overnight under atmospheric conditions. 

After the rubber extractions were concluded, all the residues v;ere dehy- 
drated and extracted with dry benzene (operation No. 5) to determine the 
amounts of rubber which had not been extracted in operation No. 4» 

over 
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An outline of the drying and extraction procedures followed and the 
average results obtained are presented schematically in Table 

Summarizing some of the high points of the data given in the table it 
may be concluded that: 

1. In order"to accomplish rather complete "resins" removal, there must be 
some moisture present during acetone extraction. This is probably due to 
the presence of some water-soluble material ¥\^hich is insoluble in anhy- 
drous acetone* 

2. Regardless of the pre-treatment of the goldenrod, more material is 
extracted from it by benzene than by Skellysolve B* Whether or not this 
extra material is rubber has not been proven^» Hov;ever, some microscopic 
investigations indicate that Skellysolve B performs as thorough a job of 
extraction of rubber per so as does b'enzene. 

3. Even when Skelly B extracted residues are dried out and then extracted 
with benzene, the total of these extracts is not as great as v/hen this 
operation is conducted on benzene-^extracted residues« 

U^    Tlhen goldenrod is acetone-extracted in an anhydrous condition, then the 
method of rubber extraction must also include anhydrous conditions, or 
else the "rubber" values will be abnormally high« This increase in 
"rubber" value;: is probably due to some of the water solubles (v;hich had 
not been removed in the anhydrous acetone extraction) being extracted by 
the moist benzene* -• 

5« Of the method examined, it v;ould appear that the most nearly correct ^ 
and most practical would be the second method indicated in the table» This 
consists in extracting vàth acetone in the air-dry condition, then dehy- 
drating the residue and extracting it with benzene, under dry conditions. 

6« Combining of the rubbers obtained from re-extracting the residues gave 
a mass of very rubber-like'material, in physical appearance« As a matter 
of fact, this "residual" rubber appears to possess marked snap and non- 
stickiness« This v;ould indicate that a longer rubber extraction time, 
in any case, is to be desired« 

Improved Method for Analysis of Goldenrod Material* The method for 
analysis of goldenrod material was modified to take advantage of the ob- 
servations that fine grinding was essential and that rubber could be 
extracted better if the samples were dehydrated prior-to benzene extrac- 
tion« Additional improvements were the introduction of a regrind of the 
sample between tv;o stages of the benzene extraction and the extension of 
the time of both the acetone and benzene extractions« 



XIV - T/^LE II 
EFFECT OF DRYING ON THE X.NALYTICÍX EXTRiXTION OF GOLDENROD lóuTERüX 

Operation 
No. 1 

Operation 
No, 2 

Operation i 
No^ 3 

Operation No, 4- Operation 
No. 5 Summary 

Pre-extraction 
treatment 

% 
acetone 
extract 
(resins) 

\ Post 
Gcetone:- 

' extraction 
treatment 

%                   % 
Skelly B  benzene 
extract   extract 
("rubber")  (»rubber") 

% 
rubber in 
residue 
(by ben- 
zene ex- 
traction 
after 
drying 

Total     Total 
^-         % 

"rubber" extractibles 
(A 5)    (2 K  5) 

Did not dry 

U.3 

 T~> 7 '  

dry 5.2 
„ .        6.0 

1.0 . 
0.5- 

6,2     20.5 
6.5      20.3 

de-acetone 4.6 
5.1 

0.6 
.1.1 . 

5.2     19.6 
6.2 •    20.4. 

Exposed 4-8 hrs« 

13-6 
13.8 

dry 5i3  -  , 
6,0 

1.2 
O.A 

6.5      20.1 
6,4   ■ 20,2 

13.9 
13.9 

de-acetone 1  A. 7  , 
• . :: - ;.5.1 

0.9 
0,8 

1 5,6     19."5 ^ 
5,9    ; 19.8 

Dry 12.9 
13.2 
13.1 1 

'  12.6 . 

: dry 5.A   '  . 
6.3 

0.8 
0.3 

6,2     19a 
6.6     19.8 

Diä not expose • ' de-acetone 
- Î 

5.8 
■ 6.6 

0.5 
0.4 

6.3   , 19.4 .  • 
7.0    - 19.6 

I 

Note: All determinations were conducted in duplicate» 



XIV - p. 8 

The full details of the method now being used are given in the follow- 
ing description: 

^« Preparation of Sample» The goldenrod sample is ground in a 
large Wiley mill using a 1/32-inch screen, being careful to 
collect all the material which does not pass through the 
screen and mixing this in with the finely ground material* 
Store in a tightly capped container so that the moisture 
content will not vary. 

B. Moisture» Weigh out exactly 2 g» of the sample into a tared 
small dish (preferably an A»O.C»S, moisture dish). Dry in a 
forced draft oven at 105° C. for two and one-half hours, cap, 
cool in a desiccator and' rev/eigh. 

%  moisture = loss in weight X 100 
2 

C. A cetone Extra c tion. Ueigh out exactly 5 g« of the sample 
and wrap according to the method of the American Oil 
Chemists' Society, 194-1^ for the extraction of oilseeds 
(C. S. & S* filter paper No, 597, 15 cm. size, is 
recommended») Extract v/ith 50 ml. acetone for 16 hours in 
a Smalley extraction apparatus. Evaporate the acetone 
extract in the tared extraction flask on the steam bath 
and remove the last traces of acetone by drying in a 75° C» 
vacuum oven for about two hours. 

%  acetone extract = wt. acetone extract X HOO 
5 

D. Benzol Extract. Place the wrapped residue from above 
into a 75° C. vacuum oven for about 5*-6 hours. Transfer 
the wrapped sample directly from the vacuum drying opera- 
tion to the Smalley extractor provided v/ith a calcium " 
chloride guard tube and extract for 16 hours with 50 ml. 
of dry benzol (dried over CaO and filtered)• Stopper the 
extract in its flask and set aside for the continuation 
of extraction later♦ 

Remove the benzol from the wrapped residues by heating in 
a vented steam cabinet or in a vacuum oven (this is merely 
a health-protection step). Remove the sample to a mortar, 
add enough Ottav/a sea sand to insure cell rupture (about 
1-2 g.) and "grind exactly two minutes, using a firm, 
thorough, reproducible pestle motion. Regrinding can also 
be done with a micro IViley mill using a 20 mesh screen» 
Replace the sample and sand into the original filter paper, 
being very careful not to allow any 'afines" to fall on the 
outside of the paper, where they could be v/ashed dovm and 
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give an erroneous value in the ensuing extraction^ 

Dry the reground sample in a 75^ 0/ vacuum oven (this should 
be at least 5-6 hours but can be run as long as overnight). 
Transfer the wrapped sample directly from the vacuum drying 
operation to the Smalley extractor provided with a calcium 
chloride guard tube. Extract for 6 additional hours, into 
the same tared extraction f3,ask used in the primary benzol 
extraction, adding more benzol if necessary* 

Evaporate the benzol on a steam bath and then dry to constant 
weight (about 2 hours) in a 75^ C» vacuum oven. 

% benzol extract ^ wt4 benzol extract X 100 
5 

2^' Rubber;Content of Extract-»^. Redissolve the above benzol 
extract in ordinary, pure benzol. Transfer to a volumetric 
flask (50 ml. if extract weight is 100 to 200 mg.. and 100 ml. 
if greater) and make to volume. Remove an aliquot containing 
30-50 mg. crude rubber and transfer to a 150 ml. beaker. This 
volume is adjusted to some standard, constant volume, never 
more than 25 ml. (20 ml. is recommended). If concentration 
of the solution is necessary, it can be, done by evaporation; 

Add the brominating solution (made by dissolving 2 g. iodine 
in 100 ml. carbon tetrachloride, filtering and adding 5 ml. •  • 
bromine to filtrate) in the ratio of 1 ml. bromine solution 
to every 10 ml. benzol-rubber solution. Let stand for one 
hour, stirring intermittently* Add 95 percent alcohol to 
the solution to precipitate the rubber ^^tetrabromide^". Use.... - 
about 40 ml* alcohol for every Í0 ml. brominated rubber solu- 
tion. Let the mixture stand at room temperature for two 
hours to insure complete precipitation. 

Filter the solution through a tared Gooch crucible of either 
the asbestos pad or the fritted glass tjrpe. Collect the 
first portion^ of filtrate in a clean vessel and if this fil- 
trate is not clear, repass until the pores of the filter have 
attained complete retentivity of the precipitate* A rubber 
policeman may be us^d to affect quantitative transfer of the 
precipitate since rubber is insoluble in this-solution. 

Wash the precipitate with at least three 10 ml. portions of 
alcoholé Dry the crucible and contents in a 75^ C. vacuum, 
oven to constant weight (about l,Jtaour). Cool and rewelgh. - 

•^Not determined on routine ^samjiiies.^ 

over 
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%  rubber = wt> of rubber »»tetrabromide" X 0.285* X 100 
v;t# of crude rubber in aliquot 

*The gravimetric factor of 0.285 for the amount of rubber in rubber 
"Tetrabromide" is an empirical factor. This value has been substan- 
tiated by carbon and hydrogen analysis of rubber "tetrabromide" from 
various sources. 

NOTE: This bromination procedure is a modification of the Edison bromi- 
nation procedure and v/as developed at the Eastern Regional Research 
Laboratory. 

Comparison of Methods. The modified method described above vms compared 
Kith that used during the first part of the work. The results are given in 
the following tables. The data shov; that the benzene extract is greater, 
on the average, by the modified method than by the older method. The mater- 
ial extracted by the modified method contains a higher percentage of rubber 
on bromination. The duplicate values, showed an average deviation for the 
benzene extract of 0.15 with the old method and 0.08 with the modified 
method. After'bromination'the average deviations between duplicates vjere 
0.07 and 0.09. Further data on the comparison of methods is given in the 
second of the tables. A composite of the analytical benzene extracts from 
goldenrod stems contained only 19 percent »'rubber" by bromination. 

Attempts to Shorten the Method. Although the modified procedure is be- 
lieved to give the rubber content more accurately than the method previous- 
ly used and has proved efficient from the standpoint of man hours per de- 
termination due to the fact that with the available equipment 30 determina- 
tions may be started each day, it is true that four days normally elapse 
before the results are obtained. Since in exceptional cases it may be 
desirable to have results in a shorter time, ^.ttempts have been made to 
work out a procedure, that would accomplish this even at sacrifice of 
efficiency in terms of man-hours per determination. A procedu3?e that cuts 
the lapsed time to two days at the sacrifice of the so-called resin value 
and which requires considerable manipulation due to the incorporation of a 
bromination step is as follows: 

Weigh samples ôontaining 35 io 75 mg. of rubber, wrap in filter paper 
and extract for 5.5 hours with a mixture of 90 parts Skellysolve B and 
10 parts of benzene. Remove the greater portion of solvent from the 
residues by heating in a flat pan on the steam bath» Grind with sand in a 
mortar for two minutes, wrap again in the filter paper and extract for 
16 to 18 hours into the same extraction flask. Transfer the extract to a 
150 ml. beaker with Skellysolve 3-benzene mixture and adjust to about 25 
ml. Add slowly with stirring three ml. bromination solution and allow to 
stand for one hour. Add 80 to 100 ml. ethyl alcohol with stirring^and 
allow to stand for two hours. Filter through a tared fritted glass cru-- 
cible of medium porosity, mash the lumps of rubber tetrabromide and wash 
thoroughly with acetone. Dry for two hours at 70^ 0. in a vacuum oven^ 
Weigh and calculate the results by use of the factor 0.285 for conversion 
of rubber tetrabromide to rubber. The addition of carbon disulfide, 1.5 
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XlV — TABLE HI 
COMPARISON OF SJMPLB EXTRACTION IvIETHOD FIRST USED  (OLD IffiTHOD) WITH MODIFIED 

DRY-REGRIND PROCEDURE  {NSÏ METHOD). 

Sample : Benzene extract : Rubfeer in extract by : Net rubber content 
No. ; percent as rec'd ! bromination, percent 5              percent 

■ !    Old :    Nev; !    Old :      Net; :    Old :      NeTí 
! method ! method    ! !^ method !    method : method !    method 

AG 629 :    5.38 :      5.35 !      93.2 :      92.8 :      5.01 :     4.97 
AI 109  ! I    2.21    ! !      2.9Á     ! 86.8     ! .      91.0        ! 1.91          ! ,      2.68 
AI 110 î •    2.28    ! !      2.85    ! 83.3      ! 90.1        ! 1.90      ! 2.57 
AI  111   ! ,    2.50    ! 2.80    ! 83.9      ! 92.3        î 2.09      : 2.52 
AI 112  i 2.52    : 1      2.97    ! 85.5      ! '     90.3       ! 2.15      ! 2.68 
AI 113   ! !    2.26    : ■      2.79    ! 85.2      î .      90.8       1 .     1.93      ! 2,53 
AI lU  ! '    2.23    ! .      3.25    ! 82.0      ¡ ,      88.8        ! 1.85      ! ,      2.88 
AI 115  ! 1    2.86    i ;      3.68    ! 84.4      1 >      90,1        : :      2.41      ! .      3.31 
AI 116  ! !    2.66    . .      3.37    ! ,      87.3      : !      94.8        ¡ 1      2.32      i 1      3.19 
AI 117  ! ,    2.^0    i I      3.20    Î ,      83.7      ; !      88.8        1 t      2,01      ! î      2.84 
AI 118 - t    2.30    • !        3.U     ! !      85.0      ! :      86,0 Í      1.95      ! 2.70 
AI 119 !    2.35 :      3.12    ! i      83.3 !        91.1           ! ;     1.95 !      2.84 
AI 120 !    2.24     ! Í      2.83    ! í     76.7      ! !      86.7        ! Í      1.72      ¡ !      2.40 
AI 121 !    2.20    ; !      2.79    1 ■      85.0 !      89.9       ! 1      1.87 .      2.51 
AI 122  ■ !    2.60 !      3.23    : ,      86.4      ! !      93.4 !       2.25       ! !      3.11 
AI 123 i !    2.59    ! !      3.08    î .      78,3      . !      89.6 !      2.02 !      2.76 
AI 12A !    2.30 !      2.67    ! 1      78.3 !      89.0       ! !      1.80      ' !         2.57 

Average 1    2.58    1 ',      3.18    ' 
> 

i     84.0      i i      90.3 !      2.18 :      2.87 

XIV - TABIE :V 
FURTHER COMPARISON OP METHODS OH STBIS,  UEAVES AND RESIDUES 

!        Acetone extract percent : Benzene extract percent 
as rec'd ;             as rec 'd 

Type of sample     î 

! Sample    s 
!      No.       ! 

Old 
! method 

í      New        : 
!    method 

,      Old 
t    method      ! 

!        New 
method 

Stems* av,  of 21  : í      3.84 !        4.97 I     o.u Í         0.16 

Leaves                       ! ! AI 175 
! AI 176    - 

AI 177    ! 
• AI 178 
! AI 268    ! 
. AI 54 

1    13.7 
t    14.4 
!    13.3 
î    13,6       ! 
!    13,5       i 
!      11.2           ! 

\      18.1      - 
!      19.5 
!        17.1         ! 
t      17.6 
i      16,8      ! 
!      13,0 

i        2.30 
!        2.68      ! 
!        2.39 
!        2.64 
Í        2.36      i 
!        1.78 

2.81 
2.83 
3.04 
2.45 
2.77 
2t?8 

Pilot-plant 
residues                 ! 

! AI 306    ! 
! AI 267    i 

I     1.1       1 
!        1.8 

!           1.4        ! 
!       2.6      ' 

1        0.57 
!       0.34 

!          1.16 
!         0.82 
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ml*, prior to the alcohol, as suggested by the Eastern Regional Research 
Laboratory might be tried*.     * 

The above procedure gaye rubber values of 4-65, 3«02 ^nd 0^97 on three 
different samples, while the regular method gave valúes of 4-65, 2,,90 and 
1*00 respectively* The procedure seems worthy of further.investigation* 
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Á STUDY OF THE COX METHOD FOR THE ESTIMATION OF RUBBER IN PUMTS 

The Cox method for the? estimation of rubber in plants is based on the 
precipitation of rubber from a benzene extract by addition of acetone. The 
rubber precipitates as a colloidal suspension and is estimated by measuring 
the apparent transmission in a photoelectric colorimeter. A blank prepared 
from the same benzene extract diluted v/ith a mixture of benzene and ethyl 
ether serves to compensate for the absorption of light by chlorophyll, 
carotenoids, and other pigments in the extract. Although there are theo- 
retical reasons against the use of a colorimeter rather than a nephelometer 
for estimation of the turbidity of a suspension, this part of the method 
appears to be satisfactory from a practical standpoint. Hor/ever, the 
method in its present form does not even approximately estimate rubber, 
added to rubber free plant material. This shows that substances present 
in plant material interfere. Chlorophyll and carotene, which are alv/ays 
present in green parts of plants interfere with the method, apparently by 
affecting the precipitation of the rubber. In the case of chlorophyll, 
this interference is much greater after the extracts have stood for some 
time and may be due to the photochemical action on rubber of the light 
absorbed by the chlorophyll. Should some way be found to eliminate this 
effect of chlorophyll, carotene and perhaps other plant constituents, the 
method might prove useful, 

EXPERIMENTAL RESULTS 

^ Method^ as now usod, A 5 g» sample of the dried, ground plant material 
is placed in a T/aring blendor provided with a neoprene gasket and mixed 
with about 50 ml, of benzene for five minutes. The sides of the mixer are 
washed down with about 40 ml. benzene, mixing continued for 10 minutes, the 
wash down repeated, and the mixing continued for 5 minutes. The contents 
of the mixer are washed into a 200 ml• volumetric flask, made to volume 
and apportion centrifuged in capped centrifuge tubes. Three 5 ml; portions 
of the supernatant liquid are pipetted into test tubes» Carbon .tetra- 
chloride, 2 ml, is pipetted into each tube. Twenty ml. of a mixture of 
benzene and ethyl ether of the same density as acetone is .pipetted into 
one of the tubes, ,This serves <as a blank. Exactly 20 ml. of acetone iö 
slowly pipo-tted down the* side of the other two ^tubes, care being taken ' 
that it forms a layer and does not mix with the benzene extract and carbon 
tetrachloride. The tubes are stoppered ,with tinfoil covered corks and 
mixed by.slowly inverting several times. Shaking or violent agitation 
must be avoided. Transmission is then determined in the Evelyn colorimeter 
with the corresponding benzene-ether blank set at 100 using the 520 filter* 
Readings are taken at 15 minute intervals until minimum transmission values 
aref ohtaiped. The logarithms of these values are used to estimate the mg, 
of rubber in the aliquot by use of a standard curve made by dissolving 
crepe ♦rubber in benzene and precipitating v;ith acetone by the same proced- 
ure as: used v/ith the plant extracts^. 

Results with. Standard RuT^ber Solutions. V/hen crepe rubber is used and 
no other sufcstance is added except as called for in the method outlined 

over 
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above, the values obtained are fairly reproducible.. Duplicates agree quite 
well v/hen run on the same rubber solutions at the same time, Thecday to 
day and solution to solution variation is quite largo. This is probably 
due to temperature variations and difficulties in the preparation of stané- 
ard rubber solutions* The rubber values were of necessity based on the 
amounts of crepe rubber actually weighed out. Although a small amount of 
insoluble material was centrifuged out prior to use, the residue found on 
evaporation of the benzene solution was usually greater than the rubber 
added, even after heating for several hours at 65^ G. in a vacuum oven. 
Analysis of the residue for oxygen should show whether this increase in 
weight is due to incomplete removal of the benzene or to oxidation of the 
rubber. Results with various solutions of rubber are summarized in Figure 
1^ In this figure the circles represent the average transmission for each 
rubber concentration and the lines the maximum and minimum values observed. 
The average values fall on a straight line, but deviations equivalent to 
10 to 15 percent of the rubber present occur quite frequently,* 

Effect of Added Chlorophyll, In experiment No, 1, 1,250 g, of 98 per- 
cent crepe rubber was dissolved in a Waring blonder in benzene,^ About 3 
hours was required. The solution was centrifuged to remove a little in- 
soluble material and diluted to 500 ml, with benzene. Two 100 ml, portions 
were measured into 200 ml* volumetric flasks. Chlorophyll, 6 mg,, was 
added to one flask and both were made to volume with benzene. Dilution of 
one-half and one-fourth were made from this solution using benzene* Ben-* 
zene alone, with and without chlorophyll, served to give 0 values (no rub- 
ber). Aliquots of these solutions, 5 ml,, were analyzed by the Cox method 
as described above. After 5 and 7 days some of these solutions were 
analyzed again. The results will be found in Table >V. It will be noted 
that addition of chlorophyll increased the transmission of the rubber solu- 
tions. This effect was greater after the solutions had stood several days 
and after 7 days standing no rubber precipitated even though 3.13 mg* had 
been added. 

Experiment No. 2 was similar to experiment No, 1, except that 12.1 mg* 
of chlorophyll were used. In experiment No, 3, 1*67 mg, of chlorophyll 
TJDre used. In experiment No-. Uy 2.5 mg. of chlorophyll were used. The 
amounts of rubber found in the presence of chlorophyll were about 85 per- 
cent of those found in its absence, even when the determinations were made 
soon after the addition of chlorophyll. After the solutions had stood U  : 
or 5 days, only about half of* the rubber was found and after 6 or 7 days 
the rubber values had fallen to zero, 

ISffect of Added Carotene. ' In experiment No, 6, 1,25 g* of crepe rubber 
were dissolved in 500 ml. of benzene. Carotene, 7 mg,, was added to 100 ml, 
of this and the solution made up to 200 ml., with benzene. Likewise, 
100 ml. of the same rubber solution was made up to 200 ml.  -One-half and 
one-fourth dilutions of these solutions were made. Rubber was estimated 
on 5 ml, aliquots of these solutions by the Cox method. The results will 
be found in Table VI. The addition of carotene increased the transmission 
of the rubber solutions; Experiment No, 6 was similar to No, 5V'except 
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that U mg* of carotene were used and the transmission measured^ v/ith the, 660 
filter• In experiment No, 7, the same solutions as used in experiment 
No, 6 were used seven days later* The readings v;ere taken with the 520 
filter* The effect of carotene does not appear to increase'with aging of . 
the solutions. In general, addition of carotene lowers the amount of rubber 
foundt 

Effect of Added Vegetable Oil^ In order to see if vegetable oil inter- 
fered' with the method, 4 drops of peanut oil were added per 200 ml* of a 
benzene solution containing 125 mg. of rubber^ The peanut oil had no sig- 
nificant effect* 

Addition of Knovm Amoiints of Rubber to Plant Extracts*  The recovery of 
rubber added to various plant extracts v/as investigated in order to see if 
substances commonly found in plants interfered with the method. In all 
cases 5 g. samples of the dried, ground plant material was dispersed in a 
T/aring blender as called for in the method* A benzene solution of knovm 
rubber content was then added, the mixture made up to 200 ml., centrifuged 
and rubber determined on 5 ml. aliquots of the supernatant liquid undiluted 
and diluted with an equal volume of benzene* 

Determinations were also made on the plant material without added rubber 
and on the standard rubber solution. Giant ragii^ecd was used as a plant low 
in rubber and two of the grasses, Spartinia cynosuroides and Sorghym 
halpense, L (Johnson's grass) were used as plants which apparently contain 
no rubber* The results are given in Table VII* In no case wa^ satisfac- 
tory recovery of the added rubber obtained*, mth giant ragweed significant- 
ly less than the amount added was found* Spartinia cynosuroides extract 
appears to increase the amount of rubber found, but in line with previous 
results with chlorophyll, less was found after the extracts had stood for 
3 days* Sorghym halpense L. extracts reduced the amounts of rubber found 
to about half of amounts added• 

Other Experiments^ Attempts to improve the method by removal of chlo- 
rophyll, carotene, and other interfering substances from these extracts by 
use of alumina, magnesium carbonate, and other adsorbents have been un- 
successful, since such treatment appears to remove some of the rubber. 

Absolute alcohol has been tried in place of acetone in the method. With 
pure rubber solutions a much more stable suspension was obtained* However, 
when used with rubber added to extracts of Sorghum halpense L^, the rubber 
quickly coagulated and settled so that a constant reading could not be ob^ 
tained on the colorimeter* This was also true when alcohol was tried m 
place of acetone in rubber determinations on goldenrod. 

Analyses were made by the Cox method and by the acetone-benzene extrac- 
tion method on various samples* The results are given in Table VIII.^ They 
show that the Cox method usually gives higher values than the extraction 
method* 

over 
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Chlorophyll, carotene, and perhaps other plant constituents interfere 
with the detertnination of rubber by the Cox method. Until some v/ay is 
found to eliminate the effect of various plant constituents, rubber values 
determined by this method are open to question¿ 
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EFFECT OF CHLOROPHYLL ON THE COX HffiTHOD FOR THE DETERMINATION OF RUBBER. 

; 
: Days after 
:preparation 

: Rubber 
: per 5 cc 

:     Rubber * only :'   Chlorophyll added « • 
Experiment îTrannmission 520 filter : Transmis si on-' 520 filter- : Rubber 

No. : {- : Found 
t  of soins* : aliquot 

:  mg. 
: Percent 
• • 

Log. :  Percent      Log, :  rag. 
: 

:  6.25 :   46.7 1.669 :  '53.9      1.732 î 5.0 
:   46.2 1.665 r.  55.8      1.747 : 4.7 

*        <>■ :  3.. 13 :   67.8  • 1.8-31 :•  74.3      1.871  . : 2.3 
:   68.5 1.856 :   72.2      1.859  - I 2.5 

Î    0 :  1.56 :   81.5  ' 1.911 :   84.8  -   1.928 : 1.0 
1 :   78.0 1.892 Í   83.5      1.922 Í 1.1 

: :  0.00 :   96.0 1.982 î       95.3  -   1.979 î 0,0 
• :   95.8 1«981 f   95.0  •   1.978  . : 0.0 
• • !  6.25 :   42.0 1.623 s   63.5      1.803 : 3.1 
•    ? j t   41.0 1.613 !   88.7      1.824 : 2.7 

:  3.13 !   95.0      1,978 , : 0.0 
Í   7 • » !   94.9      1.977 t 0.0 

:  6.25 Í   42.5 1.628   ! !   45.5      1.658 ! 5.6 
!   42.0 1.623   ! Ï   45.0      1.653   1 V   5.7 

\                              ; !  3,13  . t   65.4 1.816   ! !   65.0      1.813 Í 3.2 
!   65.5 1.816   ¡ !   64.6      1,810   ! t 3.2 

!     0      ! !  1.56 :   78.4 1.894   ! !   78,8      1.897 X   1.6 
2 r   81.0 1.909  •! !   81.0      1.909   ! : 1.5 

:  0.00  ! !   95.5 1.980   Î 95.0      1,978   ! Í 0.0 
!   95.5 ■ 1.-9S0   ! 95.0      1.978   i !  0.0 

.  6.25  3 !   42.0 1.623   : 57.5      1.760   s î 3.8 
.,„   ^ J :   41.5 1.618   ! 60.0      1.778   î ' 3.5 

3.13-..-Î '. - .. 95.2      1.979   ! 0.0, 
6      ! 95.5      1.980  • ! 0.0 

.6.25  s 40.7 1.610   s 46.3      1.666   : 5.2 
0    : « • 41.0 1.613   : 49.0      1,690   : 4.8 

: 3.13  : 61.0 1.785   : 66.5      1.823   : 2.5 
-., , 3    : i • 

■ 1 II 1            • 61.3 1.788   I 68.0      1.833   î 2.4 
0 6.25  : 40.0 1.602   : 44.5      1.648   : 5.5 U           : • • t 40.5 1.608   : 43.2      1.636   î 5.7 

X 

I 
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1 

* 

EFFECT OF CAROTENE Œ THE COX METHOD ?0R THE DETERI\1IMTI0N OF RUBBER 

I 

: Days after 
:preparation 

:    Rubber 
: per 5 cc 

:            Rubber ©ttly :            Carotene added • 

I    Riibber 
î    Found 

P 
Experiment s Transíais sion        52'^ Filter : Transmission    520 Filter 

00 

No. ■^ 

: of soins. :  aliquot :    Percent                   Log. :        Percent              Log. ?      mgo -^ 
:      rag. : ,^—* 

:      6.25 :        ^1.3                 1.616 :       4-7.7           '   1.679 - 
:        a.6                 1.619 :       4-9.7                1.696 

:          0 :      3.13 :        59.6                 1.775 70.7            •    1.849 r. 2.0 
5 :        61,0                 1.785 :        70.8                 1.850 î     2-0 ■—' 

:      1.56 :        75.0                 1.875 :       80.5        .."  1.9Q6 î   1.1 —' 
:        75.5                 1.878 :        80.2              " 1»904 :    1.1 — 

X t      0.00 :       95.3                1.979 
:        9^.8                  1.977 

:       95.5          -^1.980 
!        96.5            '    1.985 

í    0,0 
:*    0.0       - 

'      6.25 

{Transmission       S6Ö Filter ! Transmission   660 Filter 
!    Percent                    log. !        Percent            Log, 
Í        50.0                 1,699        ! t        67,5                  1.829 !    3.2 
!        50.0                1,699 :        67.5                 1.829 :    3.2 

6           i 
I          0            Î >      3.13      ! !       67.8           •    1.831        1 !        72.8                 1.862 :    2.5 •- 

j 68.7                 1.837        ! !        71.3                 1.853 t    2.7      ' ^^. 
i -  i*56     .: •,'   r80.3                 1.905        ! 1        80.7                 1.907        '\ !    1,6      - :- • 

80.5                1.906        s 81.3            ■    1.910        -'; !    1,5      - 
::.^ ■ 

! 
Î 

0.00      : 95.5 1.980        : 
95.6 1.981        : 

85.5           '    1.980       •! 
95.4           '    1.980          : 

ï   o.,o   • 
.     0.0 

* • 

7            ! 6.25     1 

Transmission        520 Filter: Transmission    520 Filter    : 

7           ! 
Percent                  Lop.         ; Percent              Log..         * : 

4.0.5                 1.608        : a,7                  1.650          ; 5.6 
I 4-1,7                1,620       : 43.7                 1,641          : 5.7 - 
• 3.13      : 62.5           ■    1.796        : 63.0                1.799          : 3.1    ■ • m 6y;.5                 1.810 62.7                 1,797          : 3.1 
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RECOVERY OF RUBBER ADDED TO EX'xWXTS OF VARIOUS PUNTS 

Rubber  : Rubber : Total  s • • 

! content of : added per ; Rubber : TT* ,in sm is s i on 
Rubber Standard 

! 5 ml.    J 5 ml,  : in aliquot! ^PO TTiltA-r 
found Rubber only- 

Extract used î , aliquot  s aliquot s mg,  : 
•~^ -. — s Transmission 

1   mR.    : mg.   ! 1 Bercent ,,, i^R»; mR. Percent,^ Log,   

!  1.50   s ■  6.25   s ■  7.75  ! î 42.5 1.628 : 6.3 43.6 1.640 

Í           i t       ; ! -^3.7 1.6a ! ! 6.0 41.7 1,620 

Giant Ragweed î 1  0.80    : 3,13   ! !  3.93  s " 68,5 
! 66.5 

1.836 : 
1.823 s 

. 2.3 60.0 
60,8 

1.778 
1.784 

!  0.00    ¡ !  3.13   : !   3.13   ! Í 59.5 1.775 ! Í 3.7 

Spartinia    î *                                        * ! 59.0 1.771 ! î 3.7 

cynosuroides !   0.00     ! í  1.56   i :  1.56  1 Í 7i;.7 1.873 ! t 1.8 
i !           '. i    7A.0 1.869 ' ! 1,8 , 

Spartinia t  0.00    ¡ í  3.13 :     3.13  ! ! 67.0 1.826 ! ! 2.8 64.3 1.808 

cynosuroides t                    ', ! ! 63.0 1.799 ! ! 3.A 65»5 1.816 

extract !   0.00     ! t     1.56   i Í  1.56  ! ! 79.7 1.902 ! i   1.3 7i^.7 1.885 
3 days old í. » ! 79.5 1.900 ! ï l.ß 77i? 1.888 

:  0.00    ! !   3.13    ! :  3.13  • : 78.0 1.892 !• 1.5 63i7 1.8Q4 
Sorghum i : 77.0 1,887 ¡ s- 1.5 64.3 1,80$ 
halpense, L :  0,00 '.     1.56 t     1.56 i    86,0 1.935 ! ! 0.8 76,0 1.881 

► : 85.3 1.931 ! 6 0.8 : 76.7 1.885 

< 
I 

CO 
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COMPiJlISiÄl OF THE CCK METHOD Y/ITH THE ACETOÎÎ S-BENZENE EXTRACTION METHŒ) FOE ROBBIE 

Material Analyzed 

Gcldenrod leaves, dried and ground 
Goldenrod leaves, dried and ground 
Goldenrod leaves, dried and ground 
Goldenrod leaves, dried and ground 
Goldenrod leaves, partly extracted 
Goldenrod leaves, digested in alkali and acid 
Gryptostegia leaves, extracted 

Rubber Percent of Dry Weight 

Cox Metiiod Extraction Method 

2.3 
6.7 

12^5 

32.4 
0.5^ 

t 

to 
O 

2.iV i    1,4 1.6 
6.8 s    5.2 5.2 
7.2 î    6.8 6.8 

12.9 î    7.9 7.9 
A.2 i   A.7 A.6 

33.4 î 30.9 29.2 
0.6 :    0,2 

: 
0.2 
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Tablo X siimmarizes the number of analytical determinations made on al- 
most 2000 samples^ in control of the pilot plant operations and in connect* 
tion V7ith the varied lines of experimental work on goldenrod, and the rubber 
and other products produced therefrom. 

XBT - TABLE X 
smmm OF A^LYTICAL SERVICE WORK OH THE RUBBER PROJECT 

UP TO APRIL 295 1944 

Type of Sample Number of 
Samples 

Kind of Analysis Ni)T:ber of 
Analyses 

Goldenrod 
material 

1A18   Moisture 
Acetone solubles 
Benzene solubles 

(rubber) 
Total nitrogen 

Non-protein nitrogen 
Total sugars 
Pentosans  

2791 
2616 

2604 
65 

U 
8 

 ¿ 
Rubber and extracts 
from goldenrod 
material 

503   Residue on evaporation 
«Tie s ins" 
Acid Not of %esins" 
Acid No* of rubber 
Total sulfur 
Free sulfur 

:\Rubber by bromination 
Saponification number 
Total nitrogen 
Total chlorine 
Semi-micro C and H 

_______ Miscellaneous   

33A 
433 
248 
26 

168 
179 
14 
12 
10 
17 
30 

123 
Fractions and 
substances 
isolated from 
goldenrod 

23   Micro C and H 
Micro Dumas N 
Micro Kjeldahl nitrogen 
Micro weighings 
Moisture 
Ash 
Iodine number 
Saponification number 

56 
4 
6 
29 
27 
12 
4 

Total 1944 10,325 
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XV ~ MTCROSCOPICAL STUDIES Œ RUBBER W GQLIfflamOD 
■■■iM«ii»«ininin iiiiiwiifiiii» ..»■«■■Il .nil Mil > »m mwi IM >iini>iiini i mimmto I III! m ■III|íéíIí»í|IIWWI»IIH i i i mili 'i i i«i m   iii>i 

Introduction» ïhe extraction of rul:>ber from goldenrod (SolidagOt Sp#) 
is a part of the Emergency Rubber Project. Microßcoplcal techniques have 
"been used to demonstrate the location of rubber in the plant tissues and 
to study the effectiveness of various methods for its removal» 

A method has been devised for staining rubber and resin in situ In 
the tissue of the plant* The structure of rubber-bearing cells in the 
mèeophyll tissues of the solidago leaf has been studied; the location of 
resiniferous ducts has been demonstrated (Fig* l)» Microscopical obser** 
vat ions at intervals during ball mlllt laboratory extraction, and pilot 
plant procedures have served as a control in estimating the efficiency or 
completeness of these methods. 

Losses in cooking* rettingi ball-^milllng and screening procedtires were 
checked and residues from these processes were examined periodically to 
detect the presence of unextracted rubber» Photomicrographs in color 
^were made to show rubber-^bearing structures, and a series of photomlcro*- 
graphs of microtome sections of the goldenrod leaf were made to show the 
effect of successive steps in the extraction process» 

Microscopical Techniques. Standard histologlcal techniques such as 
paraffin and cclloldin embedding for microtome sectioning were found to 
be- unsuitable for the study of rubber^bearing plants» îhe solvents re- 
quired to remove the embedding medium will in every case also remove^the 
rubber (Fig. 3)». • 

' 'Various other embedding techniques were tried for microtome section-» 
ing-r "G-l^rcol-stéarate, though recommended as a water soluble \fm,x was 
not satisfactory. The only solvents which would satisfactorily remove itf 
also affected both rubber and resin. 

Oelatin Sections were also tried without success* Cellulose aOetate,.' 
and etliyl cellulose When used as embedding médiat were found too diffi- 
cult to-remove. Frozen sections'and free hand sections were foiind to be 
the most satisfactory preparations for showing inibber and resin in  situ. 
Permanent mounts were not attempted but colored photomicrographs were 
made for purposes of record.' Some 50 microscopical staining techniques 
were tried-out' in an attempt to color the resin in the; ducts an entirely 
different-color from the rubber In the Cells. . This was unsuccessful as 
both substances dye similarly and are affected only by spirit■soluble - 
àyeBl    However»'because^of their localized occurrence and difference in.; 
refractive index the txiro substances can be differentiated. Furthermore ^ 
the "resins" dissolve rather readily in alcohol or acetone, vihlle the 
rubber is only coagtilated» Stains which will color rubber are limited» 
Sudan IV, which is a general stain for vegetable, oils, was found to be ,: 
most satisfactory. Other fat dyes which.can.be used are Sudan III,'Drug 

■and Cosme'tic Rod 18, Celllton Blue and Calco Oil.Blue» The red stains 
are preferable- since blue Is very transparent in thin section or dilute ' 
•sblutioni and photographs less satisfactorily than red. , 

In order to increase the contrast between the rubber and surroupAing 
Over 



leaf tissues a complementary color was used for the cellulose. Iodine 
green was chosen, although méthylène tlue, hematoxylin, malachite green, 
gentian violett or a num'oer of other stains could have heen used equally 
well» 

The following staining technique was adopted as generally satisfactory 
for either dried or fresh material: 

1* Section leaves without embedding. ' 
2. Wash in water* '       - 
3* ¥ash in 10^ alcohol. 
U. Wash in 20^ alcohol* 
5* Wash in 35^ alcohol* 
6* Stain with Sudan IV (l^ solution in 50^ alcohol); 10 

minutes or until good color appears. 
7* Stain in iodine green (|)#5/^ aequeous) for several minutes« 
S. Mount in water, glycerin, or Karo syrup. 

RulDher particles are hright scarlet red and translucent. Resin glo- 
iDules are orange red to amter and more opaque in ap'>earance. 

Leaf Structure. By means of these staining techniques, the leaf struc-* 
ture of goldenrod was studied. The leaf is an almost tjrpical herhacöoüs 
leaf with a heavy midri'b (Figs. 2 and 3). The only unusual structures 
are the ^resin ducts" which occur at the anastomosis of the veins and 
seem rather to "be reservoirs than continuous ducts. They are'filled with 
a complex mixture of oils and waxes which have not yet "been identified* 
These '^r es ins'^ will dissolve out readily with alcohol or acetone. 

The cuticular waxes of the epidermal cells,howeverf*are much more 
resistant and still remain after complete pilot plant extraction with 
both acetone and "benzene. The upper and lox-zer epidermises seem to be iden- 
tical except for a greater number of hairs on the lover epidermis. The 
hairs are of two kinds: 

(1) pluricellular uniserial trichomes which are particularly numerous 
along the veins and midrib (jig. g),; and (2) glandular hairs which are 
uniformly tricellular and much finer and more sparsely scattered on the 
epidermal surface. The TDrominent s tomata are equally numerous and uni- 
form on both upper and lower epidermises (ïig. f). The diagram in Fig, 1 
illustratesthe typical leaf structure of the rubber-bearing goldenrod. 

There arc usually 2 or 3 rows,of cells in the palisade parenchyma. 
^These cells are small, measuring.about Uo.microns by 7, and are usually 
closely packed together (Fig. U). The cells-of the spongy parenchyma are 
normal but rather closely packed.  There exiáts between the palisades and 
the spongy parenchyma an unus-ual" row of large.empty cells similar to the 
epidermp.1 cells.* These occur about equidistant from upper and lower sur- 
faces of the leaf, and more, or less in horizontal line with ths resin 
ducts.    •  ' 

The rubber occurs in the form of, isolated globules floating free among 
the plastids in the protoplasm of both palisade and spongy parenchyma cells 
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(Fig.  5).    Occasionally íis many as three or five globules CPJI "be fo\md 
in a single cell;- usually they occur singly,  and avcraA'e  ahout 2 mi- 
crons in dlaneter.    Whether this ruhher 5 s in a solid or liquid s'tate 
has not been determined.    It coagulatoe and swells with acetone;  dis- 
solves with 'benzcno,  xylol,  toluene, or ether, 

Stera Structure.    In response to inquiry as to the rubber content of 
the goldonrod stem,  cross-sections were made on fresh plants of Solidago 
alt i saina. ' .  **- 

Most of the  stera Is composed of thin-walled pith cells,  many of which 
are packed with colorless neodle-liko crystals presumed to be raphldes 
of calcium oxalate.    The vascular system is confined to  the outer one- 
third of the cross-sectional area.    In older stems  it Is quite woody,  rjid 
occupies a much narrower area, 

■        1 

Near the green end of the stem where growth is rapid there are many 
small ducts associated with the young fibrovascular bundles near the 
edge of the stem. Each of the ducts is surrounded bv a single l?ver of 
rubber-bearing cells. îho ducts themselves contain " resin" which 
readily dissolves in the alcohol of the stain, The resin ducts do not 
appear to be continuous in the stem; and althotigh scattered in the pith 
rjid cortex they are rather regularly spaced on either eide of the fibro- 
vascular cylinder. 

Lower doivn in the woo(?^- base of the stera no ducts are apparent. Red- 
staining areas in the bark region indicate that the resin ducts rnd sur- 
rounding cells were crushed In the phloem'as growth pressure compressed 
tlie outer portion of the stem, , : 

Extractions of stem- material sho\^^ed negligible amounts of rubber. 

^^-^'^<^ ^H,   sample    Acetone ex- .  Benzene ex- 
grrias   •■   fractables,^  tractables 

Tender stem tips (top 6 in)     13,52      '    U.S9        0.50 
Woody stem bases (Lowest 6 in)   5.3g 2.36 ■      o!2U 

Photomicrographs were mf.de to show'the location of the ducts and the 
character of the rubber-bearing cells (Jigs, 9 and 10), ' 

Residues, Somewhat nore.thpji 5ÛO samples of residues from extraction- 
processes submitted at intervals by the Engineering and Development Divi- 
sion hp,ve been tested microscopically for rubber content. It must be 
emphasized that the microscopical estimation of rubber in these residues- 
cannot be accepted as an analysis.. The est^öate is obtained-bv compar-" 
ing visually at a magnification of 200 2 "the riibber-containing"cells ■ ■ 
which are -Ted-staining material, .with those'.r'ubbe'r-containin-^- cells • 
which show red-staining material after the slide hajs been dyed with a 
solut^'on. of Sudan IV, Results are reproducible to perhaps the nearest 5 
or 10 percent. They represent .an estimate.-'of. the- percent of the. orí-, 

,' ,       -.Over   ."• '••••'■■ '■■■■ '  -     . ' ' ' ' . 



gînal rutter of the leaves which Is retained In the residues. The per- 
centage as determined nicroscopically is ^ased on the premise that if all 
leaf cells were '^empty" (free from rulDlDer) 100 percent of the rubber 
would have heen extracted» Stem and flower fragments, and the epidermal 
and fibrovascular tissues of the leaf are discoimted in this estimation. 
The results should not he considered comparable with those of analytical 
procedures since it is impossible to "break up this material sufficiently 
to make particle size measurements or area counts of ruhher particles 
mixed with the non-ru^bher fragments of the leaf* The s'ampling error is 
unavoidably great and reported results are relative rather than absolute* 
Early pilot plant residues sometimes contained 205Sto 30^ ^'^  unextracted 
rubber cells; final pilot plant residues were all virtually free of 
rubber. Examination of laboratory and pilot plant extractions showed con- 
sistently that residues from finely ground m^^.terial retained not more 
than 5 percent of the original rubber and that in many of these samples 
extraction was virtually complete while In the coarsely ground and un- 
ground samples from 20^to 50^ of the cells of the residue still con- 
tained rubber. 

In connection with the developmental features of the emergency rubber 
prograjn other investigations were conducted from time to time and various 
microscopical tests were made as the occasion occurred. These miscel- 
laneous activities are briefly appended. 

Air Separation of Plant Parts^ The 19^3 crop of goldenrod was not 
harvested until after blooming had set in. The ground raw material as 
received from ffeorgia was a mixture of fragments of leaf, stem and flower. 
A device for winnowing this material was set up by the Engineering Div- 
ision. 

In connection with this air separation of goldenrod leaf and blossom 
fragments from material sent from Wajmesboro, G-eorgla, thirteen samples 
were examined and separated manually under the stereoscopic microscope. 

After separation the respective fractions were weighed. Eight 
samples representing the "leaf fraction" recovered after one run through 
the air separator averaged UO percent leaf, 36 percent flowers and»2U 
percent stems. Four samples represent-^ng the "blossom fraction" recovered 
after one run through the separator averaged approximately,10 percent leaf 
89 percent flowers r..nd,l percent stems. The "leaf fraction" from the 
third re-run through the air separator contained Uj percent leaf, 3^ per- 
cent flowed and,15 percent stems* 

Retting Experiments. Microscopical examination of leaves retted for 21 
days by both aerobic and anaerobic action indicated that the anaerobic 
retting produces a cleaner cell with less trash and dirt, ?nd smaller 
amounts of protoplasmic residue surrounding the rubber mass in the cell. 

A sample of the whole leaves, which had been ensiled in Waynesboro, 
Georgia,was examined by the cross-sectioning technique* The resin ducts 
were empty, the rubber cells packed with rubber. The rubber particles 
seemed to be swollen considerably and occupied a greater proportion of 
the cell than is normally true in untreated material; the cell walls 
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seemed not et all d5sturted, and the cell contents only slightly reduced 
in quantity» Except for ahsence of res:5n, and the swollen condition of 
the ru'bl^er, the effects of ensilage were not apparent. 

Cooking Brperiments» Samples of goldenrod were exaj!i5ned in the "wet 
mash*^ state after cooking in 0#1^ Hj SO^, and 0#5^ Ua OH solutions re---, 
spectively. The 5ndividual cells were "freer*^ and cell groups less compact 
after the alkali cook than after the acid cook. 

Waste liquors were examined after screen5ng, and it was revealed that 
consideralDle rub>)er was ■De5ng lost in cells which washed through'the 
screen* To determine fineness of the mesh required to prevent this, 
dimensions of the cells were measured. The ruhher "bearing cell of. the 
goldenrod leaf is al^out f x kO  microns. 

Miscellaneous Experiments, (l) Ball Milling: A series of micro- ' 
Bcopical oloservations were made at intervals during hall'mill experiments 
to study size and distrihution of ruhher particles in respect to -time of 
mill-^ng. Color photomicrographs were made to show changes during the hall 
milling process# and size and distrihution of filDrous materials in the hall 
mill liquor. Pre*.treatment of po\/\rdered goldenrod leaves with enzymes 
was studied with the idea of releasing the ruhhcr through enzymatic des- 
truction of protoplasmic residues and of cellulose ler.f tissues "before 
hall milling» Three enzjnncs, cellulase, pepsin, and pancreatin.wcrc used 
separately.  The sample treated with pepsin hailed out after 298 hrs., 
hut no hailing out'of ruhher occurred in the other sample s* This approach 
was ahandoncd as impracticahle. 

(2) Cytolysis: In connection with suggestions made hy Mr» Wildman 
experiments wero tried with a view to removing protoplasmic .contents- from 
the cells hy cytolysis. ... ' . 

îieaves were suhjected to ether fumes for different lengths of time from 
7 to 17 hours and then pressed in a Carver press luider a pressure of-30Q0 
Ihs. per ^ square inch.       '     *     '    .■ -..  . 

Sections of leaves pfter cytolysis'hut hefore crushing^» showed resin ^ 
ducts completely empty, cell contents*completely coagulated, aad.ruhher 
glohules numerous. Sections of leaves after*crushing showed little  ' : 
difference from those hefore crushing» Microscopical exajnination of the 
plant juices extracted hy crushing showed granular cell fra^gments, and 
achules of resin, hut no detectable ruhher. The pressed leaves when.dried 
and extracted hy regular procedures showed' normal percentages of resin and - 
ruhher.  The cytolysis ex]:)eriments \^re ahandoned as unpromising. •• 

A similar cytolysis with water had heren previously tried without: any 
significant results. '   "-->* ■^.■■ 

(3) Extraction:  Various preliminary extractions were run on a small 
scale in the early period of the ruhher investigation. They may he hriefly 
listed as follows: 

(1) Cold extraction with acetone and honzene hy shaking 
for 2U hours» 

Over/ 
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(2) Hot extraction by acetones-benzene method after pre-- 
treatments with 10^,   255Í,  50^, and 100^ Çlorox solution* 
The rubber was chlorinated. 

(3) Hot acetone^^benzene extraction after 2^ KaOH cook 
followed by 50^ Olorox bleach* 

(U)    Hot acetone^benzene extraction after pre«-treatment with 
cold Hg SO14* 

(5) Hot alcohol-benzene extraction after hot water extraction, 
(6) Hot alcohol«^benzene extraction after 12 hours water cook« 
(7) Comparison of alcohol-benzene method with acetone-benzene 

method to obtain lighter-colored rubber* 
(g)    Comparison of benzene with toluene and xylene as solvents 

for rubber* 
(9) Extraction of ball mill waste liquor to remove residue 

of rubber after balling-out phenomenon* 
(10) Cold extraction of resin-rubber complex from the ball 

mill to separate the res5n from the rubber* 

(U)    .Harvesting Seriesî    A study of multiple harvesting on a small plot 
of the local goldenrod (Solidago altlsslma) was conducted over a series of 
months  in I9U3.    Pla,nts in the plot were allowed to grow for only 30 days 
at a tíjne before being cut back to  the ground*    Each harvest'was compared 
wHh native material which was not disturbed by any previous cutting*    Com- 
parison of results with those obtained in I9U2 at the   end of the . season 
indicated that more than one harvest per year might be advantageous* 

Year 
•                                                         • .                                                         « 
:    Date              : 

1 

Acetone extractables %    \ , Benzene extractables % 
:Atig.  13            j 
:Aug,  24            ; 

9.1 \                     0.1+9      ..,* 
I9U2 S. 7 !                      1,5          ■■    - 

:AtiÄ. 31           : ... 7.9 ;                      1..2 
I9Í+2 ¡Hov.   11             ! 10.5 :        ■             1.9 

:Nov. 11            : 11.2 ;                      1.6    . 
• S          Cut Uncut !          Cut          :          Uncut- 

I9U5 :March 15 i                    ——                 ( ' 7.5     . 
.6.53 

í    '    —        .:. ..       :1.5^ 
:AprU 1  . !              7.39        ! • i         1.18       :     ,      1.36 
:Apr11 1       .    . !              7.56        i 6.03 i         0.92...   ä   . • ■  1.7U 
;May U 5              9.10        ' \ 6.S5 i         0.5g    ,  :■         0.9^. 
:May U :       . 9.5^'    ' 1 » 6.99 :        0.55      :. ...      1.2 
;June 10 í         9.5 1  '■' 10.7  , t       .0.7g,               i.oU 
: Ju^ae '10 í         9.3 10.2 :         O.gU       '           1.05 

1 > 

Subsequent large  scale experimonts on the 19^3 acreage* by the iPorest 
Service disproved this   idea that multlple^ harvestirig wou?-d. increase .th^ 
total rubber yield* ,     .. 

Rubber Plants Other Than 5oldenrod> For purposes of comparison with 
goldenrodf sections of. cryptostogla,kofc*-saghyz,^3id guayule plants were 
examined microscopically and photOCTaphed in color* 

Cryptostegla was shown to have a continuous latex system occurring 
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on Gîthcr sido of the jn5drlb in tho leaf#  and in tho contrai merlstom of 
the  twig^    In fresh leaves glol)ulos of rubtor were also OTDserved in tho 
palisade parenchyma of the cryptostegla loaf,  similar to those seen in 
goldenrod leaf tissue* 

Gixayule stems sho^^^ ruhTDor deposited in the colls of the pith»    the ray 
colls of the woody area, and in the cortex.    Largo resin ducts occur irx the 
central pith ^ni in the inner cortex area near the prominent fiher "bundles# 

Kol&-saghyz roots have anastomosing latox ducts arranged concentrically 
around the central stele«    The cells of  the protoxylejn surrounding tho 
vessels contain many small glol5ules of ruhlDor* 

Conclusion* Microscopical examinations of raw materials and processed 
residues have shown that the rubber in the leaf of the goldenrod plant 
(Solidago leavenworthii) can "be completely removed by the  acetone-benzene 
extraction process,  if the raw material is finely ground before extraction» 



XV-Fig. 2 
Gross-section of entire leaf. Mag. approx. I5x, 



XV-Fig. 3 
Grossrsection of leaf prepared 
by standard histological tech- 
niques. Note vacancies in 
rubber-bearing cells iiriiere 
rubber has dissolved out, Mag, 

' 250x. 

XV-Fig. 4 
Isolated cells from palisade parenchymfx showing rubber and plastids. 

Ifeg. 1200X 



XV-Fig. 5 
Group of cells from above a vein showing 

relation of plastids to rubber in the cell, 
Mag. 600x 

XV-Fig. 6 
Progressive plasraolysis of cell contents during drying of leaf, 

mg. 6oox 



XV Fig. 7. Epidemial cells and stomata. Hag. 125x, 

XV Fig« 8. Trichomes from epidermis above 
a vein. Mag. 125x. 



Cross section of goldenrod stem, 
showing resin ducts.  Mag. 125x. 

XV-Fig.   10 
Resin d\icts  fron s ten,   showing rubber- 
bearing cells, in rira of duct,líag.500x. 
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XVI ■- X-RAY,   SPECTROSCOPIC, AND ABSORPTION líEASUREHMTS 
"*|||*   > mill, m I i-ii ■!■■■ IIII..H ■ -III«..*.. II     .Mil.II    will im I  II iiumi III  iiiUKin ■■ mm «n    inwin >ii*ii»    i     ■ "■ ' ■ 

X^ray Diffraction» As ivas expected, the X-ray diffraction patterns 
from crude and vulcanized hevea, guayule, chiite, and kok-saghyz were 
identical, the vulcanizates all showing the characteristic '^spot^* pat- 
tern upon elongation.  This is also true of goldenrod rubber, although 
the extension required to produce a high degree of orientation is con- 
siderably greater than is necessary for hevea.  In addition, however, 
goldenrod (and one of our guayule samples) gives the powder diffraction 
of a crystalline material reminiscent of Balata or Gutta-percha.  This, 
we found, had been identified as Gutta-percha in unpublished work by 
Drs. G. L. Clark and W. H. Smith. The diffraction of interest is indi- 
cated by arrows on the reproduction in Figure !♦ The spacing, in 
Angstroms, of these maxima (for four different goldenrod specimens) is 
compared with Gutta-percha and Balata in Table I.  The differences in 
spacing, between goldenrod and Gutta-percha are too great for experi- 
mental error.  The amount of this material present in goldenrod is rather 
small, estimated as less than lO/o, 

TABLE I.  SPACING OF "CRYSTALLINE" DIFFRACTION mxim 

Outer (weak) 
Inner 
Literature       4.9 
*Vulcanized Sample 

Balata 

4.40 
4.76 

Goldenrod 
Gutta-percha 

4.48 
4.97 

A   B*  C 

3.76 3.72 3.75 
4.14 4.17 4.12 

D 

3.76 
4.20 

Guayule 

3.81 
4,35 

Spectroscopic Observation«  Emission Analyses, Qualitative - At the 
request of the Physical Chemistry Section, qualitative spectrochemical 
analyses were run on samples of goldenrod from dried leaves to vulcan- 
ized product as well as on the materials used in curing the rubber and on 
the benzol insoluble portion of several pilot plant runs.  Copper, man- 
ganese, iron, and boron were found in all saraples in amounts varying 
from insignificant traces to concentrations definitely greater than 
trace amounts.  These and quantitative analyses to determine whether or 
not the amounts present are sufficiently great to seriously affect the 
aging properties of the rubber have been reported by the Physical Chemis- 
try Section. 

Absorption, Ultra-Violet.  In connection v/ith work on the formation 
and properties of "photogels" in the Physical^Chenistry Section absorp- 
tion studies in the region of 2400 R  to 3400 A v/ere made on samples of 
goldenrod rubber in •2,2,4« tri-methyl pentane (iso-octane) after varying 
intervals of irradiation. 

A. Absorption curve of the rubber in the hydrocarbon solvent. Curve 
No. H-1, Figure 2. This curve is typical of the ultra-violet absorp*- 
tion curves described in the literature fqr other types of rubber, 

over 



chßtracterized bv "very sinall absorption in the ^visible region, apprécia* 
bly below 2700 A and tends tow^ 2Ö00 A,-^ and thalj 
"throughout, absorption^is of a general nature and no"t selective*". ..The 
curve agrees ap.proxijmately #ith curves published by: 

Lewis and Porritt - J. Soc. Chem; Ind, 40, 18T (1921) 
Srinevasan, P. S, - Rubber Chem* Tech*!^ 549 (1940) 
and 
Scheibe and Pummerer - Ber. deut. Chem, Gesell 60,^ 2163 (1927)# 

The solution was entirely free of benzol and any other aromatic hydrocar- 
bon impurities« 

hm  Spectral absorption of a sample of the goldenrod rubber in 2,2,4 tri-^ 
methyl pentane, 425 mg/lOO cc,, shortly after the rubber was dissolved 
(solution having been kept in darkness until absorption measurements 
were made) compared with the absorption of the same solution after 
irradiation by approximately mid-day sunlight for four hours♦ The solu- 
tion was contained in a sealed Pyrex volumetric flask» Curves Nos« H-7 
and H-10, Figure 3, illustrate the great increase in absorption by such 
irradiation« The circles in the curve of the irradiated sanple^repre** 
sent data obtained from the original concentration, the triangles repre- 
sent data from a tenfoldJdilution. As, (see below), absorption increases 
even when the solution is in the dark, the former values were increased 
by a constant factor alpha = 0.09 in order to obtain a smooth curve. 
This value may be considered aö representing the increase in absorption 
while the first set of data was being obtained. The increase in ab*- 
sorption by irradiation of the rubber solution in a closed Pyrex flask 
in siinlight is shown by these curves to be rather uniform throughout the 
spectral range studied, a four-hour period of sunli'ghttproduciñg._,abbat^ 
a tenfold increase in absorption« The rate of increase is somewhat 
greater at the shorter wave lengths• The character of the curve is xm- 
changed with the increased magnitude of absorption and little or n^ 
bathochromic effect is observed« This might be interpreted as an in-^ 
crease in an absorbing medium originally present rather than a change in 
the nature of the iTB.terial causing the absorption« 

C# Absorption of the 2,2,4 tri-methyl petane selution after one and 
after four hoiArs of irradiation by mid-day sun, through sealed Pyrex 
fl%sks«  Curves Nos« H-8 and H-10, Figure 4, show that the increase in 
absorption is somewhat proportional to the time of irradiation« As"" be^ 
fore, two concentrations have been used in obtaining the curves and an 
adjustment, alpha = 0»03, has been made to account for the increase in 
absorption while the first concentration was being measured« There is 
no evidence of any change in the character of the absorbing medium as 
the increase in its quantity continues. 

D« As evidence that the solution increased in abs»rpti«n even when not 
being irradiated was noticed, a sample of the rubber solution was 
irradiated for one.hour, the absorption of a portion of it charted 
while another-portion was kept in complete darkness for four hours♦ 



stretched Goldenrod Rubber 
Stretched Hevea Rubber 

(Top) 
(Bottom) 

XVI - Figure 1 
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Curves H-8 and H-9, Figure 5, show that increased absorption results even 
in the dark, the nature of the increased absorption appears to be the 
same as that obtained upon irradiation, but the magnitude of the increase 
is considerably less. 

These studies from a standpoint of the effect of light on rubber solu- 
tion suffer from the fact that, (1) the Pyrex container cuts out most of 
the ultra-violet light which would be expected to be more effective in 
producing a photochemical result,. (2) in the closed flask^ the simlight 
greatly raises the temperature causing some doubt as to whether the 
observed effect might not be due to increased temperature rather than t# 
light, (3) the flask contains a considerable proportion of oxygen and 
especially considering the elevated temperature's the effect observed may 
be due to oxidation, and (4) even if studies were made through ultra^ 
violet transparen;^ flasks, a source of ultra-violet light with radiations 
at least to 2000 A should be used rather than sunlight. 

The absorption curves agree rather well with the one published by 
Lewis and Porritt - J. Soc. Chem. Ind, 40, 18T (1921). 

Srinevasan - Rubber Chem. Tech. 1^,  649 (1940) found that '^irradia- 
tion with ultra-violet light makes rubber more transparent when in 
non-pol'ar solvents due to depolj/merization." However, his experiments 
were carried on in the absence of air and mth light of shorter wave 
lengths. 

Van Rossem - India Rubber J. 48, 172 (1914) finds that rubber is 
depolymerized under the action of light, while Doyadkin and Pantschen^ 
fov - Kolloid Z,65, 350 (1933) conclude that "light is able to cause 
polymerization," and Asan# - India Rubber J. 70, 307 (1925) finds that 
"ultra-violet light is able to bring about either polymerization or 
depolymerization according to its wave lengths." 

Meyer and Ferri - Rubber Chem. Tech. 9^,   570 (1936) show that in the 
absence of oxygen the action of ultra-violet light produced a gel 
resembling gel rubber, identical in properties to the original except 
in solubility, while the presence of oxygen resulted in a sticky 
viscous product which has no longer any characteristics of rubber. 

From these conflicting results, it can be concluded that probably at 
least two independent reactions have been described, (1) the oxidation 
of rubber accelerated by heat and/or light, and (2) the equilibrium 
between polymerized and non-polymerized rubber in solution,the effect 
of ultra-violet light being to cause a shift in this equilibri\Jim,the 
direction of the shift depending upon the nature of the solvent. 

From the curves obtained as a result of these studies, it is our con- 
clusion that the reaction studied is the first type described above, 
that this oxidation is slowly proceeding in the 2,2,4 tri-methyl 
pentane solution and that the effect of sunlight is but to accelerate 
the rate of this reaction. 

over 



Study of the change of absorption of these solutions when held in 
total darkness, and the effect of ultra-violet light in the absence of 
heating effect might shed further light on the nature of the reaction. 

For these studies, flasks v^ioh permit ultra-violet to reach the solu*' 
tion would have to be used and they would have to be shielded from the 
far red (heat) rays. Precautions to avoid any increase in temperature 
and complete removal of any oxygen would have to be achieved prior to the 
irradiation. A source of light rich in ultra-violet rays down to 2000 A 
wovild also be required. 

The correlation of these data and conclusions with the formation and 
properties of photogels have been reported by the Physical Chemistry 
Section» 

Spectrophotometric measurements in the ultra-violet of solutions of 
crystalline material isolated^, purified, and modified by the Analjrbical 
Section and the data directly relating to the identification of this 
material as quercetin is included in the report of that section» 

Absorption, Visible. Spectrophotometric measurements were  reported 
on various solutions of pigment fractions from goldenrod.  Carotene and 
chlorophyll were identified by this means. The significance of these 
pigments is reported by the Physical Chemistry Section. 
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Xni  3Y>>PaODITCTS: ACBTOHD SOLUBLE OOHSTITUMTS 

The urgency of the problem of producing tiie rubber was such that only» : , 
limited attention could be devoted to the by-products incidentally obta*ined» 
These were principally in the acetone extract removed prior to extraction 
of the rubber, or separated in acetone solution by reprecipitation of 
crude rubber for purification. When only leaves v/ere harvested,the j*aw 
material contained two and a half to three times as much of these acetone 
soluble materials as rubber, and when blossoms and stems were included»' 
the proportion was higher» The residue after distillation and recovery 
of acetone is a greenish black, semi-solid mass, fluid at lUO C.,, rather 
more pasty than sticky; the designation ^'resins" is inaccurate, althou^ 
it had become established by usage in previous work on goldenrod rubber and 
has been employed throughout this report with qualification of its defini- 
tion, for ^^rant of a better concise term* 

ït is probable that the material contains a minor proportion of sub- 
stances that might be classed as resins in the loosely accepted sense of ' 

âiny natural or synthetic substance characterized by hardness, brittleness, 
fusibility, conchoidal fracture, "resinous" luster, etc» It is equally 
probable that it does not contain any substance that is a true resin, 
definable as the product of exudation or sap of certain plants or trees, 
consisting chemically of oxidation or polymerization products of thé 
terpenes. 

The material, remaining after évaporât-^on of the acetone extract, is . 
not completely soluble in any of the solvents tried* Cold acetone dis- •. 
solves about ¿0 percent of the substance, leaving behind a yellowish, 
friable product which is partially soluble in hot x^rater.. This fraction 
appears to contain flavone substances and give some of the tests for 
tannin, but has not been investigated f-urther» About one-third of the ace- 
tone extractives of goldenrod material is soluble, in hot watë;r». Present 
evidence indicates that the v/ater soluble fraction is composed chiefly of- 
glycosides including some tannins» Other components are sugars and 
organic acids» The glycoside present in the largest amount is quercitrin. 
G-ood yields of its aglucon, quercetin, can be obtained by hydrolysis of 
the hot water extract» This is dealt with in detail ^'n another section of 
this report» Little has been learned about the composition of the water 
insoluble portion» Presumably it contains cuticle wax and fatty sub-'• 
stances» Crystalline, wax-like preparations have been obtained from it, 
but "lack of time and clear cut methods for the characterization of sub- 
stances of this type has prevented the acquisition of definite information 
about them. The dark-green color of the acetone extractives indicated the 
presence of much chlorophyll» However, an analysis of a typical sample' 
showed only O.UU percent» This is surprising in view of the source and ' 
history of the material» Nevertheless, the value Is probably correct, Bince 
the magnesium content places an upper limH of l.U percent on the chloro- 
phyll content, and the water-insoluble nitrogen content puts an upper 
limit of 2  percent on the content of chlorophyll plus chlorophyll deriv- 
atives» 

The larger part of the work on the acetone extractives was done on the 
sample from the evaporation of the acetone extract of laboratory extraction 
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Ho# 11# Some of the analytical values obtained on this sample were as 
follows: 

Percent 
Loss of weight when heated 5 hr^ at 65 C. in vacuo 7»3 
Ash   ,  ,^    ' 0^31 
Magnesium 0.037 
Calcium     "' . 0.005 
Phosiohoarus,, total 0.1 
Sulfur, total O.O75 
ITitrogen» total 0*l5 
Fltrogen, water soluble O.OU 
Ohlorophylli estimated from absorption curve O.UU 
Carotene, estimated from absorption curve 0#07 
Water soluble material 38«0 
C^ercetin, crude, by hydrolysis of water soluble material 11^0 
Organic acids estimated from tîtratlon curve of water extract 5.O 
Reducing sugars and easily hydi^olyzable carbohydrates, 5nclud-' 
ing sucrose ^ 2*3 
Sugars by complete acid hydrolysis of sample • 11#9 
Sugars by complete acid hydrolysis of water soluble material ll.U 

It was frequently suggested tha.t the '^^ re sins" obtained might be useful 
as a softener, plasticlzer, or modifier of synthetic rubbers, particularly 
GR-S; however,, it was evident early in the study of vulcanization of golden- 
rod rubber that amoiints of th:^'s material in excess of 5^ had a marked 
adverse effect upon the quality of the vulcanized product. Samples of the 
material were furnished laboratories interested in this possibility, as 
well as in the possible applications of the material in plastics, but no 
developments of practical value have been reported. It is evident that the 
crude material produced in the pilot plant process is a very complex 
mixture, a major portion of wh-^ch consists of water soluble substances 
including carbohydrates, and that any applications would necessarily 
depend upon a partial separation into fractions of at least greater chem- 
ical compatibility, if not chemical homogeneity. 

A single experiment wesi .performed on the separation of. the crude mater 
into fractions, particularly to separate the water-soluble from the in-^ 
soluble portions. Steam was passed into the mass al,lowing; condensate to 
accumulate so that the agitation by steaming thoroughly retíoyM water 
soluble material while any volatile substances steam distilled. , A-pre-^ . 
luminary trial of this procedure showed that the amount of steam volatile . 
oil was negligible, and that much of the water 'insoluble material remained 
dispersed in the hot solution and was decanted. The experiment was made 
with 6lg.é g. of the crude product into which steam was passed for two 
hours when 6OO ml. of condensed aqueous solution had,accumulated. On 
cooling to room temperature (23^0.) the insoluble material floated and»vas 
separated and again steamed for two hours. After tlie/.second steam^ing and 
cool-^ng the insoluble residue v/as denser than the solution which was 
readily decanted. The steaming x^as repeated in all five times,/and 
resulted in the removal of a total of 209*5 &•  of water soluble substances 
equal to 33#9^ of the original weight; in addition each decanted aqueous 
solution yielded a water insoluble fraction which settled on standing Ug 
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hours at room temperature, the total of these fractions, lU6»2 g*, 
accounting for 23.6^ of the original material* 

In the last steaming operation advantage was taken of the ohserved   [ 
dispersion of the water insoluble material at elevated temperatures to^ 
effect a separation of four distinct fractions aggregating 20é.2 g. or 
33*U^ of the original weight. ' By hold5j:ig the temperature for 3O mins. 
a successively decreasing temperatures,a partial separation occurred, at 
each temperature, and the aqueous dispersionwas separated from the in-* 
soluble precipitate» The fractions were all hlack,' the one separated at 
the highest temperature "being hard and brittle while those at lower . 
temperatures were progressively softer. , Tractions, from the first steani- 
ing operations were either hard and brittle oi* waxy; all were black in 
color. About 9^ of the original material was lost in handling or as a 
small amount of volatile oil in the first distillates. ïîable I shows 
the amounts of the fractions obtained, but time permitted no further work 
upon their properties and composition» 

"  X7I1 TABIE I ' - 

Settling    Vol. De-  Wgt. of Mtrl.    /  Ppt.   Sapcn. 
Pract. Temp. Time   canted    In Sol*  In Ppt.  ^ or ig.   ÎI0. 

^C.   hrs.    ml.    &rams   Qrams    mtrl.  

A 23 US 600 171.2 10.5 
B 23 US 175 U.l 1.0 
C 23 Ug 725 12.7 U6.0 
D 23 l+g 225 6.9 83.7 
S 95 0.5 Uoo —.— HO.O 
F 70 0.5 —_   115.0 
G 50 0.5 -— 36.2 
B 30 0.5 ..— —,-. 15.0 
I 23 hs _—~ S.6 5.0 
tal 209.5 352.4 

1.7 
0.2 «*.. 

7.U 90-93 
13,5 92-97 
É>.5 97-93 
1S.6 gg-90 
5.9 75-gO 
2.h g9-9g 
o.g - -«.«^«.L. 

57.0 ' 

eolation of Quereitrin and Quercetln from the Acetone Extract of 
rod-Material.. Since preliminary experiments indicated that the ace- 
jxtract of goidenrod material (chiefly leaves) contained a consider- 

a   quantHy of flavone-like substances« steps were taken to isolate the 
chief flavone component. 

Approximately 25 g., of the green,< gummy residue from* the evaporation 
of the acetone extract of laboratory extraction No. 11 was ground in à 
mortar vrlth 200 mlo ö,i>25 N sodium hydroxide, filtered through a fluted 
pape^^ the residue ground with 100 ml. more 0*25 N sodium hydroxide and 
filtered. The filtrate .was made acid with acetic acid, allowed to stand 
several hoiirs and the precipitate lAfaich formed ceiftrifug^d out. The 
supernatant was neutralized with 10 percent sodium hydroxide, 25 ml. 
saturated lead acetate abided, the copious precipitate which separated 
centi^ifuged out and washed well with water. The precipitate was sus- 
pended in water and the lead removed by treatment with hydrogen sulfide 
for three days with frequent shaking. The lead sulfide was filtered out. 
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washed with^hot water ^nd the hydrogen ettlflde removed from the filtrate 
"by aeratiott with nitrogen. She lead stdf5de was saved s?nce it retained 
adsorbed material» The fíltrate was evaporated almost to drynees In 
vacuo In a ^5^C. hath and the hrown sirup washed from the flask with about 
100 ml* acetone after standing several hours, a small precipitate was 
removed by filtratloni the filtrate evaporated In vacuo-, taken up In 20 
ml. acetone and mixed with 100 ml* ethyl ether. After standing overnight 
a copious precipitate was separated by filtration, washed with ether and 
dried» It weighed 0«6 g.t tasted bitter and gave a strong test for 
^'tann^n'' with ferric alum. It was not investigated further. The filtrate 
was allowed to evaporate to dryness. The light-yellow residue weighed 
1*2 g^ It was taken up in 5 n¿-* water and washed well with water. The 
residue was dissolved in 15 ml. acetone and water added to incipient 
turbidity* After several days a crystalline precipitate was filtered * . 
out on hardened paper» waöhed t^ith water and dried In vacuo over 
phosphorus pentoxlde* It weired 0.69 &•  and was designated iJSH06. It 
was proved to be quercltrin by the evidence given later* The lead sul- 
fide precipitate saved from the above experiment was eluted with 25O ml* 
acetone» This elutriate on evaporation yielded 1.0 g. of a product 
similar to that obtained from the filtrate. It was not ^investigated 
further. 

In an experiment similar to th^.t just described, approximately 53 g. 
of the same acetone extract was processed for the flavone-^like substance» 
In this experiment! most of the product was found adsorbed on the lead 
Sulfide preclpitatot from which It was elutod with acetone. The yield 
from this experiment was about 3 S^ A-photomicrograph of the crystals 
from this experiment is shown in yíg. 1. About 1Ó g» of the material 
was obtained from var-^ous experiments and combined in one lot designated 
as AHU05. All of this was eluted from the lead sulfide precipitate-, A 
smaller lot designated as AHU07 was obtained from the lead sulfide 
filtrate. 

HbB  results of miorocarbon and hydrogen determinations were as 
follows: 

^ Carbon, hydrogen ^ .JSAS)' 

AHU05 52»1 5.0 
AHU06 3}.S 5*0    0, 
AHU07 5Í.2 5*3 
Calculated for quercltrin ^^ai^O^ll'^^p^   5^*^ ^•^ 
AHU06 dried at 170^0* (loss 5*6^) ^     "^     • .  56^3 U.7 
Calculated for quercitrini dry, CgiHgQ Oj^j^  56.2 U*5 

The absorption curves of the preparations yielded the following data: , 

Max*  Ext. Coef.'»' Kin. Ext* Coef.*  Max. Esit* Coef.* 

35 : . 
36 

"■35" ' 
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U9 
US 

30001 
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Fig. 1. Crystals of Quercitrin from Goldenrod Material 
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The absorption cnrve of AHU06 in 95 percent ethanol is given in Fig^ 2. 
This curve is "based on the undried prod-uct wh^ch last 5^6 percent on 
drying at I7O 0.  Marchlewskl, L* and B. Skarzynskii, Biqch^ Z. 2^ 
56-9,^,1938, C. A^ J¡2  8931 give the absorption manima for qtiercHrin at 
2612 A and 356O A* 

A positive Rosenthaler test for rhamnose (Morrow and Sandstrom,2nd 
Ed. fpage l5S) was given "by the substance after acid hydrolysis* 

S5nce the above data showed that the substance was quercitrin (3f5f7f 
3'f^^pentahydroxyflavone-3-rhaJanosiàe) or a cl^^sely. related substance, 
positive identification was sotight by hydrolysis to the aglucon and sugar, 
each of vái5ch was identified,      ' 

The  preparation designated as AHU06 was hydrolyzed by refluxing one 
hour with 25 ml. water plus 2 ml. concentrated sulfuric ac5d. The yield 
of aglucon from 200 mg. was I25 mg»- The sulfuric acid was removed from 
the filtrate with barium carbonate" and the filtrate was evaporated to 
about 3 I'll* A small precipitate was ifemoved by centrîfugatiôn in a 15 
ml. conical tube and 5 20I. of phenylhydrazine reagent added (Morrow and 
Sandstrom, 2nd Ed.t page 161). The tube was then heated at 95^0. for 
0,5 hr. and the osazone centrifuged out* Heating for an additional 2 
hours brought down more osazone precipitate was re crystallized twice from 
dilute pyridine and twice from 50 percent mothangl. After^drying in 
vacuo over phosphorus pentoxjde, the oéazone melted at 13^^185** vcorr.) 
when heated rapidly as recommended by Morrow and Sandstrom, 2nd Ed.gpage 
l6l# An osazone prepared from a known sample of rhamnose melted at 185- 
1S6*C. (corr.); mixed melting point 18Uil85**C» (corr.). The osazone 
from the preparation AHU06 was dried at 120°C. and. analysed for,ni trogen 
by the m-^cro Dumas method. Found, nitrogen l6*2S, I6.37 percent; 
calculated for the osazone of rhamnose lb.36 percent. The aglucon was 
prepared from the preparations designated as AHU05 and AHUo6t After 
recrystallization from dilute alcohol and dry;ng at 125^0. »the, follow- 
ing results were obtained by micro-combustion. 

fo Carbon   ^ ^ Hydrogen . ' ^ Ash 

AHU05 a glucon 5S*5       3*^ "    1*1+ 
AHU06 a glucon 59*1      y.k-        . . 0.9 
Calculated for quercetin ^iK^rPj 59»6       5.3 

The absorption curves of the aglucon preparations, yielded the following 
datai ■ \ .'■■'■'       ' 

Max.  Ext. Ooef.  Min.  E^qt. Coef'. ^-Max.' Ext. Coef. 

AHU05 aglucon 256OA    7U    3OOOA    20    37UOA   ■ jk 

AHU06 aglucon 256OA    jk 3ÛOOA' • * 20    .Jf^OÁ'   •  ; 7!+ 

Grinbaumowna, R, and Z.  Marchlewskl, BÍoch© ¿^ 2^ 2§I»8, 1937, C. A. Jl 
696s give the maxima for quercetin at'2555A and 3755A* 
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Trom the above evidence, ît may be concluded that the chief flarone 
substance In the acetone extract of the ^oldenrod material is quercitrin 
(3»5*7»3^»'^^ pentahydroxyflavone-->»rhamnoside)» 

Since it seemed likely that the aglucôn, quercetin, could be isolated 
much more simply than the glycoside» quercitrin, the isolation of quercetin 
directly from the acetone extract was undertaken* In a prel5minary ex- 
periment, 5 &•  of the green, grimmy residue fl:om the acetone extract of 
laboratory extraction No* 11 was extracted wHh portions of bo515ng water 
until about 5^0 ^'^*  was used# The hot water extract was filtered and 
evaporated to dryness. The yield of material soluble in hot water was 
1#9 g* or 38 percent» This material was re-extracted with six 25 ml. 
portions of hot water, U ml# concentrated sulfurlc acid In 25 ml. water 
were added to the filtrate which was refluxed for one houf and placed In 
a refrigerator overnight. The crude quercetín that pr.eclpitated weighed 
0*552 g«t a yield of 11 percent based on the acetone extractives^ The 
C3rade quercetin was recrystalllzed twice from dilute alcohol and dried 
at 125^0, 

Mlcrocarbon and hydrogen determinations gave 0, 59»7 percent, H, 3.7 
percgnt, ash 0.Ï+ percent. An absorption curve showed maxima at ,256oyi and 
37gQA w5th extinction coefficients of 67 and 68, respectively. 

Because of some interest in derivatives of ;;quercetin from a therapeutic 
standpoint» its isolation from the acetone extractives of goldenrod material 
was undertaken on a larger scale. After a number of. experiments on 50 g* 
lots of the acetone extractives, the following largo scale experiment was 
made. ' 

A total of U7 kg. of the evaporated acetone extranet s from the 19^2 . 
pilot plant, runs nos. lt2,3^U,5,9,10,ll, and 12 was mixed for 3 hours In t 
three approximately equal batches with a total of 70 gallons of hot tap 
water at 98*to 100*^0. The mixture was allowed to cool overni^t and the 
supernatant liquid was siphoned from the cake of undissolved material. The 
combined supernatant liquid was divided into three approximately equaX. 
batches, each of which was mixed with I.5 liters of concentrated sulfuric 
acid and heated at the boiling point for 2 hours» This hydrolyzod the 
flavone glycosides to quercetin. The mixture was allowed to cool for 2 
hours and the crude product \Ailch settled to the bottom was separated by 
siphoning and décantation of the supernatant liquid. All the above 
operations were carried out in a steam-jacketed'''copper kettle equipped 
with a motor-*driven stIrrer. 

The crude quercetin was washed with distilled water on a large Büchner 
funnel until free of acid| dried 1» a steam cabinet followed by 7 hours In an 
oven at 105^0., and ground through a coffee mill. The yield of crude pro-- . 
duct wag U.3 kg. ^An absorption Curve of this crude material gave maxima 
at 25gQA and 37OOA. The extinction coefficient at 37OOA was UU. This 
gives an upper value of about 58 percent for the quercetin content of the 
crude product. .., . 

The product was dissolved In hot 95 percent ethyl alcohol, precipitated 
with an equal volume of water and washed with 50 percent alcohol» After 
recrystallization from SO percent alcohol (at this stage an absorption 
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ctirve Indicated a purity of 82 percent), it was dissolved in hot acetone 
and fractionally precipitated w5th Skellysolve F» About 2.5 liters of 
acetone was required for each 200 g» of quercet5n. On addition of an 
equal volume of Skellysolve P a "black, gummy material separated in a few 
minutes. The filtrate from this material was diluted with an additional 
2 liters of Skellysolve P and the red, oily material which precipitated 
was separated after décantation of the siipernatant liquid« Quercetin was 
precipitated from the supernatant liquid as a "bright yellow product "by 
an addition of 2 liters of Skellysolve P« The red, oily material also 
yielded some quercetin when dissolved in acetone and fractionally pre- 
cipitated with Skellysolve ?• The total yield of purified quercetin was 
78O g« The yield could be increased by working over various impure 
fractions. 

Micro 0 and H determinations on the purified product dried at 170*^C» 
gave 59*If 59*3 percent carbon and 3*2» 3»7 percent hydrogen. The cal- 
culated values for quercetin, C^^çSio^? ^^^ 59»6 percent carbon and 3*3 
percent hydrogen. A small portion of the product was further purified by 
recrystalllzation and dried at 170*^0* It gave 59«7» 59^7 percent carbon 
and 3*6, 3»5 percent hydrogen. A portion of the main lot of purified 
product was converted to the penta«-acetäte according to the procedure 
described by Morrow and Sandstrom, 2nd Ed. ,p» 295» Tl^e recrystallized 
penta^acetate melted at 200^0. (corr.). A preparation made from a 
sample of quercetîji from Eastman Kodak Co. molted at 200*^ 0. (corr,). 
Mixed melting point was 200*^0. (corr.). Qjiercetin v/as regenerated from 
the penta-acetate and recrystallized. The absorption curves for the 
quercetin ponta-*acetate from goldenrod and the quercetin regenerated from 
it are shown as smooth curves in iPig. 3» ^o^  comparison, the points 
taken from the absorption curve of the ma^'n batch of purified product are 
also plotted in the same figure. All values are based on the dried sam- 
ple weight. It will be noted that the main product was essentially pure 
quercetin. The absorption curves of the penta-acetate from goldenrod 
and the penta^^acetate from Eastman Kodak quercetin were identical. This 
ms also true of the absorption curves of the preparations of quercetin 
*tigenerated from the penta-acetates» The curves show that Jhe absorp-g 
tion maxima for quercetin in 95 percent ethanol are at 2570^ and 3750A 
with extinction coefficients, (E $/^y.  of 67 and 75.5 respectively. The 

o -^^^^ 
extinction coefficient at 3750-^. appears to be the more reproducible of the 
two. 

Th0 quercetin from both goldenrod and Eastman Kodak Company was fotmd 
to liave a marked antioxidant action on peanut oil, cottonseed oil,and lard 
when added in amounts of about 0.02 percent. The antioxidejat action of 
quercetin has been previously noted by Greenbank, Oil and Soap IJ lUO- 
U1+, 1936. 

ITote on the Waxy Impurity Spontaneously Separated from Concentrated 
Benzene Extracts. As noted in Section ITT it was observed that on storage 
a precipitate settled from the pilot plant benzol extracts which had been 
concentrated to about 15^ rubber. Some of this precipitated material was 
collected, purified by recrystallizing from Skellysolve B followed by 
washing with ether and hot alcohol. The purified material was a fine white 
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orystaHne suT^stance having a molecular t^e5áit of' kZQ  -^ y)  and a sharp 
melting point at S7®0. The elementary analysis is as foliotes: 

0 82.05^ ÎT none 
H 13*605í S' none 
O  ¡i^35^ P nono 

Iodine No. (Wijs) 19.10 

The suTDstance could possilily be l.S-penta-triacontanone (Stearone) 
(C^YH-j-)pCO al*though! positive identification was not attempted becaiise of 
lack of time# 


